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. Abstract 
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wish  to  apply  these  models  to  airport  studies. 
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This  report  was  prepared  by  the  Systems  Research  and  Develop- 
ment Service  of  the  Federal  Aviation  Administration  as  part  of 
its  broad  research  program  to  develop  new  and  improved  methods 
for  determining  how  to  increase  capacity  and  minimize 
congestion  on  the  airfield. 

The  purpose  of  this  report  is  to  furnish  the  aviation  community 
with  non-proprietary  tools  to  determine  airport  capacity  and 
delay.  The  author  would  appreciate  receiving  any  comments 
pertaining  to  the  use  of  this  report. 

The  material  contained  in  this  report  is  based  in  part  on  the 
joint  efforts  of  a project  team  headed  by  Douglas  Aircraft 
Company  and  included  Peat,  Marwick,  Mitchell  6 Co.  (PMMCCo. ) ; 
McDonnell  Douglas  Automation  Company  (MCAUTO)  ; and  American 
Airlines,  Inc.  Professor  Robert  Horonjeff  of  the  University  of 
California,  Berkeley,  served  as  general  advisor  to  the  project 
team. 

As  part  of  the  coordinated  efforts  of  the  Project  Team  each 
organization  carried  out  specific  responsibilities,  as 
summarized  below: 

ORGANIZATION  Project.  Responsibility 

DAC  Prime  Contractor;  overall  technical 

direction  and  project  management; 
data  collection  support;  on-line 
capacity. 

PMM  S CO.  Capacity  and  delay  model  development; 

report  development;  management  of 
data  collection  and  analysis;  software 
review  modification  and  development; 
training. 

McAUTO  Interactive  Graphics  system  and  real 

time  simulator  feasibility  studies; 
delay  model  air  traffic  control 
algorithm;  model  software  development; 
data  processing;  software  documentation; 
training. 

AAL  General  advisory,  overall  project. 
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EXFCUTI VF  SUMMARY 


General. 

The  FAA  has  developed  a family  of  computer  models  for  the  analysis 
of  the  airside  of  an  airport. '' These  models  can  he  used  to  determine 
the  capacity  and  delay  on  airports,  and  to  study  the  sensitivity  of 
capacity  and  delay  to  variations  of  airport  specific  conditions. 
These  models  can  he  used  to  produce: 


Hourly  runway,  taxiway  and  gate  capacity 

Hourly  and  daily  delay,  travel  times,  flow  rates,  and 
queueing  data 

Annual  delay  and  annual  capacity 

These  models  fall  into  two  general  types;  i.e.,  analytic  and 
Simulation.  The  analytic  models  consist  of  a series  of  equations 
which  compute  hourly  capacity,  annual  delay  and  anmial  capacity  from 
fixed  input,  parameters.  The  simulation  is  a fast  time  critical 
event  model  which  emulates  the  movement  of  aircraft  on  an  airport 
using  Monte  Carlo  sampling  techniques  and  produces  detailed 
operational  analysis  data. 

Inputs  to  these  models  may  be  entered  in  several  forms.  Some  of  the 
models  accept  input,  via  cards  or  special  input-output  devices.  Some 
of  the  models  accept,  input  via  "on-line"  techniques  where  the  user 
activates  the  program  from  a teletype  terminal  and  inputs  data  as 
the  program  requests  it  via  questions.  The  Runway  Capacity  Model 
has  been  constructed  to  accept  inputs  in  either  form. 

The  following  is  a brief  description  of  the  principle  models  and 
their  required  inputs  and  outputs. 

Brief  Description  of  t he  Capacity  Models. 

Analytic  models  were  developed  to  determine  the  hourly  capacity  of 
individual  airfield  components;  i.e.,  runways,  taxiways  and  gates. 


Runway  capacity  models  were  developed  for  over  100  runway  use 
configurations.  One  model  was  developed  for  determining  the  hourly 
capacity  of  a taxiway  crossing  a runway  and  another  was  developed 
for  estimating  the  capacity  of  exclusive  use  gate  sets.  Each  of 
these  models  calculate  capacity  as  the  inverse  of  the  weighted 
average  service  time  for  all  aircraft  being  served.  For  example,  if 
it  takes  an  average  of  45  seconds  for  aircraft  to  be  "served"  on  a 
runway,  then  the  capacity  of  the  runway  equals  one  aircraft 
operation  per  45  seconds,  or  R0  operations  per  hour. 

The  following  information  is  required  to  compute  the  hourly  capacity 
of  runways,  taxiways  and  gates: 
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Runway  Capacity. 


Runway  use  conf iquration 

Separations  between  aircraft 

Ceiling  and  visibility 

Aircraft  mix 

Percent  Arrivals 

Percent  touch-and-go  operations 

Aircraft  operating  characteri sties 

b.  Taxi way  Crossing  Capacity. 

Taxiway-runway  intersection  location 
Runway  operations  rate 
Percent  arrivals  on  runway 
Headway  between  taxiing  aircraft 
Runway  crossing  length 
Taxiinq  velocity 

c.  Gate  Capacity. 

Number  and  type  of  gates 

Gate  mixes 

Gate  occupancy  times 

The  capacity  model  can  be  used  with  minimal  preparation  time.  Tnput 
values  reflecting  national  average  condition  have  been  ietermined 
for  many  of  the  input  parameters.  Airport  specific  inputs  can  be 
coded  in  a few  hours.  A typical  run  might  consist  of  50  cards  and 
cost  $1  to  $2.  The  capacity  results  can  be  used  in  conjunction  with 
delay  curves  published  in  the  Report  No.  FAA-RD-74-1 24,  "Techniques 
for  Determining  Airport  Airside  Capacity  and  Delay,"  to  quickly 
determine  average  delay  per  operation. 

Brief  Descri ption  of  the  simulat ion  Model. 

The  model  simulates  the  movement  of  aircraft  from  the  entry  gate 
(sometimes  the  outer  marker)  of  the  common  approach  path  to  the 
apron  gates,  and  from  the  apron  gates  to  takeoff.  The  model  is  a 
critical  events  model  that  employs  Monte  Carlo  sampling  techniques. 
Variable  time  increments  are  vised  as  the  time  flow  mechanism  (i.e.. 
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clock  time  is  advanced  by  the  amount  necessary  to  cause  the  next 
most,  imminent  event  to  take  place).  Because  of  the  modular 
structure  of  the  model,  the  total  airfield  or  its  individual 
components  can  be  analyzed  by  manipulation  of  the  model  inputs. 

a.  Principal  input  Needed  for  the  Simulation  Model.  Because 
the  model  is  applicable  to  any  airfield  layout,  it  is  necessary  to 
describe  the  airfield  to  the  computer  as  a network  of  paths  that 
aircraft  will  follow.  This  network  is  developed  by  dividing  the 
airfield  into  a series  of  nodes  and  links.  Principal  inputs  to  the 
model  include: 


f 


Aircraft 


routings 


Runway  use 

Exit  taxi  way  usage 

Runway  occupancy  times  for  each  exit 

Distribution  for  aircraft  approach  velocities 

Distribution  for  aircraft  gate  service  times 

Distribution  for  separations  between  aircraft 

Air  traffic  control  rules  and  procedures 

Aircraft  taxiing  velocities  by  link 

Aircraft  demand  levels  and  characteristics 

b.  Principal  Output  s Obeai  nod  from  the  Si  mulat  ior.  Model. 

Total  travel  times  on  the  airfield  tor  arriving  and 
departing  aircraft 

Average  aircraft  delay  on  each  component  of  the  airfield 
(landing,  taxiing,  gate,  departure  queue,  etc.) 

Total  delay  experienced  on  individual  links  of  the 
airfield 

Queue  lengths  for  aircraft  waitinq  to  take  off 

Actual  aircraft  operations  rates  (as  opposed  to  desired 
or  scheduled  operations  rates) 

Considerable  preparation  time  is  required  to  use  the  Simulation 
Model.  The  bulk  of  the  input  data  must  be  developed  for  the 
specific  site.  Input  may  require  from  500  cards  for  a general 
aviation  airport  to  6000  cards  tor  a large  commercial  airport. 
Computer  running  time  for  each  run  is  a function  of  the  number  of 
aircraft  to  be  processed,  number  of  random  number  seeds  used  and 
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complexity  of  the  geometry.  Typical  run  costs  may  vary  from  $30  to 
$500.  The  Delay  Simulation  Model  is  suited  for  the  in-depth 
operational  analysis  that  would  be  used  to  make  major  changes  at  an 
airport  as  opposed  to  quick  first  cut  analysis  available  from 
analytic  approaches. 

Brief  Description  of  the  Annual  Delay  Model. 

This  analytic  model  determines  annual  delay  based  on  the  calculation 
of  hourly  delay  for  representative  hours  of  the  year.  The  model 
aggregates  hourly  delays  into  measures  of  annual  delay  based  on  the 
frequency  of  occurrence  of  weather  conditions,  demand  variations  and 
the  runways  in  use. 

(a)  Principal  inputs  required  for  annual  delay  calculation: 

Annual  demand 

Weekly  demand  as  a percent  of  annual  demand 
Daily  demand  as  a percent  of  weekly  demand 
Hourly  demand  as  a percent  of  daily  demand 
Demand  profile  factor 
Hourly  runway  capacity  distribution 

(b)  Outputs  of  the  annual  delay  model: 

Average  annual  delay  per  operation 
Total  annual  delay 
Distribution  of  annual  delay 

The  Annual  Delay  Model  can  be  used  with  minimal  preparation  time. 
Considerable  time  may  be  required  to  accurately  determine  the  site 
specific  demand  distribution  inputs.  Use  of  the  model  as  opposed  to 
aggregating  delay  manually  will  save  a larqe  amount  of  calculation 
time.  A typical  model  run  might  consist  of  40  cards  and  cost  $15  to 
$20  as  compared  to  2 to  3 weeks  of  manual  computations.  The  annual 
delay  output  can  be  used  in  cost-benefit  analysis  or  to  determine 
annual  capacity  based  on  a level  of  service. 

Use  of  This  Manual. 

This  Model  Users  Manual  is  designed  to  facilitate  the  understanding 
and  use  of  the  FAA  Capacity  and  Delay  models.  The  manual  is  written 
primarily  for  airport  planners  and  engineers  who  have  a general 
familiarity  with  computer  operations  and  who  wish  to  apply  these 
models  to  airport  studies.  It  is  intended  that  the  reader  of  the 
manual  will  be  able  to  use  the  models  with  only  very  limited  outside 


support.  The  manual  does  not  provide  details 
to  modify  the  source  computer  programs. 


The  first  chapter  of  this  manual  introduces  the  user  to  the  concepts 
and  definitions  used  in  the  FAA  Capacity  and  Delay  models.  Each 
remaining  chapter  describes  the  logic,  inputs  and  outputs  for  one  of 
the  FAA  models.  Five  appendices  are  included  in  this  Model  Users 
Manual  which  describe  optional  pre- processor  and  post- processor 
models  that  can  be  used  with  the  FAA  models.  Examples  are  presented 
throughout  the  manual  which  should  he  carefully  examined  by  the  user 
to  help  him  set  up  his  own  problem. 
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1 . 1 Purpose 

The  Federal  Aviation  Administration  (FAA)  has  been  involved  for 
several  years  in  a broad  research  program  to  develop  reliable 
planning  tools  to  evaluate  proposed  approaches  to  increasing 
capacity,  minimizing  congestion  on  the  airfield,  and  to 
quantify  chanqes  to  the  airport  airside  system.  This  report 
introduces  the  results  of  an  engineering  and  development 
project  which  applied  advancements  in  computer  technology  and 
mathematical  modeling  to  the  determination  of  airfield  capacity 
and  aircraft  delay.  The  purpose  of  this  report  is  to  describe 
in  detail  the  preparation  of  inputs  for  the  computer  programs 
resulting  from  this  project. 

1.  2 Background  and  Objectives 

A graphical  procedure  for  estimating  runway  capacity  was 
developed  for  the  FAA  in  the  early  1960's.  This  procedure 
defined  capacity  in  terms  of  an  "acceptable"  value  of  delay  per 
operation;  i.e.,  level  of  service  definition  of  capacity.  It 
did  not  permit  detailed  analysis  of  site  specific  conditions. 
Since  its  development,  wide-body  aircraft  have  been  placed  in 
service,  new  aircraft  separation  rules  have  evolved  and  the 
need  to  consider  more  runway  use  configurations  has  arisen. 
These  factors  coupled  with  current  and  anticipated  congestion 
and  delays  at  high-activity  airports  led  to  the  need  for  more 
refined  techniques  for  determining  airport  capacity  and  delay. 

In  June  1972,  the  FAA  retained  a project  team  to  develop 
computer  programs  for  predicting  airfield  system  capacity  and 
aircraft  delay.  The  project  team  was  headed  by  the  Douglas 
Aircraft  Company  of  the  McDonnell  Douglas  Corporation  and 
included  Peat,  Marwick,  Mitchell  & Co.  (PMM&Co.);  McDonnell 
Douglas  Automation  Company  (MCAT7TO)  ; and,  American  Airlines, 
Inc.  Professor  Robert  Horonjeff  of  the  Institute  of 
Transportation  and  Traffic  Engineering  (University  of 
California,  Berkeley)  served  as  a general  advisor  to  the 
project  team.  The  objectives  of  the  project  team  were: 


a.  To  develop  validated  computer  proqrams  for 
determining  airfield  capacity  and  aircraft  delay. 

b.  To  prepare  a report  providing  simplified  procedures; 
i.e.,  curves,  tables,  etc.,  for  determining  hourly  capacity  and 
delay  as  well  as  annual  capacity  and  delay  for  use  by  airport 
planners  in  both  the  FAA  and  industry. 


In  support  of  the  project,  a comprehensive  data  collection 
proqram  was  carried  out.  Some  150,000  items  of  data  were 
collected  at  18  U.s.  airports.  In  addition,  extensive  data 
from  other  sources  was  used  in  the  analysis.  This  data  base 
was  used  to  formulate  the  basic  capacity  and  delay  models,  and 
to  develop  the  operational  parameters;  i.e.,  arrival-arrival 
separations,  runway  occupancy  time,  approach  velocity,  etc., 
used  to  produce  the  simplified  procedures  to  calculate  airfield 
capacity  and  aircraft  delay. 

In  consultation  with  FAA  and  industry  users,  the  project  team 
selected  a definition  of  capacity  which  was  independent  of 
aircraft,  delay.  It  was  determined  that  capacity  defined  as  the 
upper  limit  or  maximum  number  of  aircraft  operations  that  can 
occur  would  be  a more  natural  and  better  understood  concept. 

The  selected  approach  to  the  definition  of  runway  capacity  has 
several  advantages.  It  allows  the  sponsor/planner  to  select 
the  level  of  service;  i.e.,  averaqe  delay  per  operation,  for 
which  the  airport  will  be  designed  (or  will  be  permitted  to 
operate).  It.  also  provides  a realistic  hourly  limit  to  the 
operations  rate  for  an  airport.  Recognizing  the  need  to  relate 
demand,  capacity  and  delay  in  airport  planning,  the  project 
team  developed  hourly  delay  curves  which  can  be  used  to  quickly 
approximate  the  average  hourly  delay  per  operation  associated 
with  airport  specific  capacity  and  schedule  (i.e.,  demand  and 
peaking  within  the  hour)  characteristics. 

Airfield  capacity  and  delay  models  were  developed  to  analyze 
site  specific  airport  conditions.  They  were  validated  at  three 
high  traffic  volume  airports. 

o Chicago-0*  Hare  International  Airport  (ORD) 

o Dallas  Love  Field  (DAL) 

o Orange  County  Airport,  Santa  Ana,  Ca.  (SNA) 

Th°  validation  process  was  performed  to  verify  the  logic  and 
accuracy  of  the  capacity  and  delay  models.  The  validation 
demonstrated  that  the  Capacity  Model  yielded  aircraft  flow 
rates  and  the  Delay  Simulation  Model  yields  travel  times  well 
within  the  required  contract  accuracy  of  t 15*. 

In  pursuing  the  above  project,  the  FAA  had  two  program 
objectives: 

(1)  To  update  and  extend  the  present  Advisory 
Circulars  pertaining  to  airport  capacity 
and  delay. 

(2)  To  develop  computer  proqrams  to  standardize 
the  procedures  used  for  detailed  site  specific 
analyses  of  airport  capacity,  delay  and 
congestion. 


Report  FAA-RD- 74- 1 24  titled  "Techniques  for  Determining  Airport 
Airside  Capacity  and  Delay,"  dated  June,  1976,  fulfilled  the 


first  program  objective.  The  instructions  provided  in  this 
report  are  a part  of  the  fulfillment  of  the  second. 


Principal  Definitions 

The  principal  terms  used  in  this  report  are: 

a.  Hourly  Runway  Ca pacity.  Hourly  runway  capacity  is 
defined  as  the  maximum  number  of  aircraft  operations  (i.e., 
arrivals  and  departures)  that  can  take  place  on  the  runway (s) 
in  an  hour  under  a specified  combination  of  conditions.  The 
hourly  runway  capacity  depends  on  a number  of  conditions 
including,  but  not  limited  to,  the  following: 

(1)  Runway  Use  Configuration 

(2)  Aircraft  Mix 

(3)  Percent  Arrival 

(4)  Percent  Touch-and-Go 

(5)  Operating  Conditions  (VFR,  IFR) 

(6)  Exit  Location  and  Type 

(7)  Separation  Between  Aircraft 

(8)  Aircraft  Operating  Characteristics 

The  capacity  values  calculated  using  this  report  are  the 
maximum  flow  rates  that  occur  under  saturation  conditions. 
Capacity  flow  rates  assume  that  arrival  and/or  departure 
aircraft  are  always  available  when  needed  to  fill  every 
operational  slot.  This  situation  would  normally  require  that 
the  queue  of  arrival  or  departure  aircraft  be  at  least  one. 

The  capacity  flow  ra te s make  no  arbitrary  assumption  regarding 
"acceptable"  delay  per  operation.  Delays  at  capacity  flow 
rates  may  vary  from  2 to  1^  or  more  minutes  per  operation, 
depending  on  the  distribution  of  demand  over  the  hour  (i.e., 
bunching)  and  the  length  of  time  that  demand  rates  are  greater 
than  capacity. 

For  many  applications  the  user  will  want  to  determine  a runway 
flow  rate  that  can  be  sustained  for  an  extended  number  ot  hours 
during  the  day.  In  determining  a sustainable  flow  rate,  the 
capacity  parameters  must  be  carefully  considered.  It  should 
not  be  assumed  that  an  airport  would  operate  at  a flow  rate 
equal  to  hourly  capacity  for  several  consecutive  hours  except 
under  unusual  or  severe  conditions,  and  then  only  with  major 
delay  problems. 
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b.  Aircraft  Delay.  Aircraft  delay  is  defined  as  the 
difference  between  the  actual  time  it  takes  an  aircraft  to 
operate  on  the  airport  and  the  normal  time  it  would  take  the 
aircraft  to  operate  without  interference  from  other  aircraft. 
Conditions  accounted  for  are: 

(1)  Inbound  Arrival  Holds;  i.e.  , the  additional 
flyinq  time  required  of  airborne  arrivals  due  to  instantaneous 
or  prolonged  periods  of  overdemand  on  the  final  approaches  to 
the  runways.  Components  of  this  delay  are: 

(a)  Terminal  Area  Vectorinq  Delays 

(b)  Holding  Stack  Delays 

(c)  Enroute  Path  Stretching  Delays 

(2)  Departure  Queue  Delays;  i.e.,  the  time  a 
departure  spends  waiting  for  access  to  the  runway  whether  the 
airplane  is  waiting  in  a queue  or  is  taxiing  at  reduced 
velocities  while  awaiting  access. 

(3)  Taxi-in  and  Taxi-out  Delays ; i.e.,  the  time  a 
taxiing  aircraft  has  to  wait  at  a taxiway  intersection  or  is 
otherwise  prevented  from  movinq  on  a taxiway. 

(4)  Runway/Taxi wav  Crossing  Delay;  i.e.,  the  time 
spent  by  a taxiing  aircraft  while  holding  to  cross  an  active 
runway. 


(5)  Ga te  Delay;  i.e.,  the  time  an  aircraft  has  to 
wait  due  to  a gate  not  being  available  or  because  it  is 
prevented  from  hacking  out  of  its  gate  due  to  other  taxiing 
aircraft. 

The  delay  model  described  in  this  report  does  not  (normally) 
account  for  delays  due  to  enroute  congestion,  transitioning 
from  one  runway  use  configuration  to  another,  or  delays  due  to 
airport  closures.  Delays  due  to  maintenance  or  construction 
can  be  calculated  by  properly  applying  the  techniques;  i.e., 
selecting  the  input  data. 

Aircraft  delay  is  expressed  in  minutes  per  operation.  The 
value  obtained  represents  an  average  or  expected  value.  Delays 
to  individual  aircraft  may  vary  substantially  from  this 
averaqe. 

c.  Hourly  Capacity  of  a Taxiway  Crossing  and  Active 
Runway.  The  hourly  capacity  of  a taxiway  crossinq  an  active 
runway  is  defined  as  the  maximum  number  of  aircraft  operations 
that  can  take  place  in  an  hour  on  a taxiway  crossing  an  active 
runway  under  a specified  combination  of  conditions.  The 
runway- taxi way  crossing  capacity  depends  on  a number  of 
conditions  including,  but  not  limited  to,  the  following; 
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o Taxiway-runway  intersection  location 
o Runway  flow  rate 
o Percent  arrivals 

o Headway  between  taxiing  aircraft 
o Runway  crossinq  length 
o Taxiing  velocity 

d.  Hourly  Gate  Capacity.  The  hourly  capacity  of  a qroup 
of  gates  is  defined  as  the  maximum  number  of  aircraft 
operations  that  can  take  place  on  the  gates  in  an  hour  under  a 
specified  combination  of  conditions.  Gate  capacity  depends  on 
a number  of  conditions  including,  but  not  limited  to,  the 
following: 

o Number  and  types  of  qates 
o Gate  mix 

o Gate  occupancy  time 

e.  Annual  Service  volume.  Annual  Service  Volume  is  a 
measure  of  the  annual  capacity  of  an  airport.  Factors 
considered  in  determining  Annual  Service  Volume  include,  but 
are  not  limited  to: 


(1) 

Level  of  service;  i . e. 
aircraf t 

, average  delay  per 

(2) 

Hourly  demand  peak 

(3) 

Daily  demand  peak 

(«) 

The  adverse  effect,  of 

low  capacity  periods 

f.  Annual  Delay.  Annual  Delay  is  the  total  delay 
incurrer  by  aircraft  during  a year.  Factors  considered  in 
determining  Annual  Delay  include,  but  are  not  limited  to: 


(1) 

Tota  1 a 

innual  demand 

(2) 

Hour  1 y 

distribution 

of  annual 

demand 

(3) 

Demand 

distribution 

within  an 

hour 

(*> 

Hourl y 

capacity  distribution 

(5) 

Annual 

weather  distribution 

q.  Runway  Use  Configuration . Runway  use  configuration 
is  a term  used  to  cateqorize  specific  combinations  of  airfield 
geometry  and  operational  use. 

The  geometrv  includes: 

(1)  The  number  of  runways  in  coordinated  use.  This 
identifies  the  unique  combination  of  runways  in  use  durinq  some 
period  of  time. 

(2)  Relative  orientation  of  the  runways;  i.e., 
sinqle , parallel,  intersecting,  open  v,  etc. 

(3)  Separation;  i.e.,  centerline  separation, 
distance  from  threshold  to  intersection,  etc. 

The  .operational  use  includes: 

(1)  The  direction  of  operation  on  the  runway. 

(2)  The  kind  of  operations  takinn  place  on  each 
runway;  i.e.,  arrival  only,  departure  only,  arrival  and 
departure  operations,  and  touch-and-go  operations. 

(3)  Location  of  departure  roll  point;  i.e.,  where 
on  the  runway  do  departures  start  from? 

The  definition  of  runway  use  configuration  is  further 
illustrated  by  the  examples  in  paragraph  3.7. 

h.  Aircraft  Mix.  Aircraft  mix  is  defined  in  terms  of 
four  aircraft-  classes:  A,  B,  C,  and  D.  In  general,  the 

aircraft  (e.g.,  DC1Q,  B727,  B99,  etc.)  included  in  each 
aircraft  class  is  at  the  users  discretion.  Exceptions  to  this 
general  rule  are  noted  in  paragraphs  2.2.9  and  4.2.4.  A 
recommended  definition  of  aircraft  classes  is: 

Class  A - small  single-engine  aircraft  weighing 
12,500  lbs.  or  less; 

class  B - small  twin-engine  aircraft  weighing  12,500 
lbs.  or  less  and  Lear  Jets; 

Class  C - large  aircraft  weighing  more  than  12,50C 
lbs.  and  up  to  30C,00n  lbs.; 

Class  D - heavy  jet  aircraft  capable  of  gross 
takeoff  weiqhts  of  300,000  pounds  or  more. 

A list  of  typical  aircraft  in  each  class  is  presented  in  Figure 

1-1. 
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The  aircraft  mix  is  expressed  as  the  percentage  of  each 
aircraft  class  demand  in  the  total  demand;  i.e.,  %A,  *B,  %C, 

%D. 

i.  Percent  Arrival.  Percent  arrival  is  defined  as  the 
percent  of  all  aircraft  operations  that  are  arrivals. 

Arrival  operations  can  be  expected  to  average  50  percent  over 
an  extended  period  (usually  2 or  more  hours).  However, 
operations  are  normally  above  or  below  50  percent  for  shorter 
periods  (30  minutes  to  an  hour).  The  impact  of  high  arrival  or 
departure  demand  peaks  on  runway  capacity  can  be  important. 

For  this  reason  a range  of  percent  arrivals  should  be 
considered.  Fifty  percent  arrivals  should  not  be  arbitrarily 
picked  as  the  best  planning  number. 

For  runway  use  configurations  that  do  not  have  mixed  operations 
on  each  runway,  the  specified  value  of  percent  arrival  can 
produce  a capacity  result  that  does  not  use  each  runway  to  its 
full  capability.  For  example,  a close  parallel  runway 
configuration  with  arrival  operations  on  one  runway  and 
departure  operations  on  the  other  might  have  an  hourly  capacity 
of  30  arrivals  and  50  departures  for  a total  capacity  of  8^ 
operations.  However,  if  50  percent  arrivals  is  specified,  the 
total  capacity  will  be  60.  Twenty  more  departures  per  hour  are 
possible  but  are  not  consistent  with  the  50  nercent  arrival 
requirement.  Many  runway  use  configurations  can  accommodate 
more  departures  (and  in  some  cases  more  arrivals)  than  are 
required  to  satisfy  a requirement  of  50  percent  arrivals.  For 
these  configurations  the  user  should  consider  the  capacity  that 
gives  the  maximum  number  of  arrivals  with  all  possible 
departures.  This  is  discussed  in  chapters  2 and  3 as  the  9999 
option. 

1*  Touch -and- GO  Operation.  A touch-and-go  operation 
refers  to  an  aircraft  landing  and  immediately  taking  off 
without  making  a full  stop.  It  is  counted  as  two  aircraft 
operations. 

Significant  numbers  of  touch-and-go  operations  do  not  occur  at 
airports  used  predominately  by  air  carrier  aircraft. 

Therefore,  the  influence  of  touch-and-go  operations  in  th® 
planning  of  such  airports  may  not  be  important.  Touch-and-go 
operations  are  important,  however,  at  airports  with  a hiah 
percentage  of  general  aviation  aircraft  operations. 

k.  Operating  Condition.  The  operating  condition  defines 
the  physical,  procedural  and  institutional  environment  under 
which  arrival  and  departure  operations  are  conducted.  ^his 
environment  is  influenced  by  the  portions  of  the  Air  Traffic 
Control  Handbook  dictated  by  ceiling,  visibility  and  other 
factors;  navigational  aids  present;  demand  pressure;  facility 
procedures;  airline  policies;  and  normal  pilot-controller 
actions.  Any  number  of  operating  conditions  could  be  defined. 
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Three  operating  conditions  used  in  this  report  are  defined 
below.  Each  chapter  contains  further  assumptions  regarding 
operating  conditions  appropriate  for  that  model. 

VFR.  In  the  airspace  adjacent  to  an  airport  with  a 
control  zone,  VFR  (Visual  Flight  Rule)  conditions  occur  when 
the  ceilinq  is  a least  1000  feet  and  visibility  is  at  least  3 
statute  miles.  Tn  this' environment , aircraft  operating  under 
visual  flight  rules  provide  their  own  separation  from  other 
aircraft  in  the  traffic  pattern.  Aircraft  coming  into  the 
control  zone  on  an  IFR  fliqht  plan  (in  VFR  weather  conditions) 
are  assumed  to  be  cleared  for  a visual  approach  when  they  join 
the  traffic  pattern  or  have  the  airport  in  sight.  Visual 
approaches  may  require  that  the  ceiling  be  at  least  500  feet 
above  the  minimum  vectoring  altitude  (which  is  airport 
soecific) . Refer  to  "Air  Traffic  Control  Handbook"  7110.65  for 
a more  complete  discussion  of  "visual  approach." 

IFR.  IFR  (Instrument  Flight  Rule)  conditions  occur  when 
the  ceilinq  is  less  than  1,000  feet  and/or  visibility  is  less 
than  3 statute  miles.  Oaring  IFR  conditions,  the  air  traffic 
control  system  assumes  the  responsibility  for  providing 
separation  between  all  aircraft.  It  is  assumed  that  operations 
in  TFR  conditions  are  conducted  in  a radar  environment  and  that 
arrivals  operate  on  at  least  one  runway  equipped  with  an 
instrument  landinq  system  (ILS) . In  IFR  conditions  operations 
are  assumed  to  be  conducted  with  "visual  separations"  once  the 
arrival  is  below  the  ceiling  or  in  sight  of  the  airport.  Refer 
to  "Air  Traffic  Control  Handbook"  7110.65  for  a more  complete 
discussion  of  "visual  separation"  in  IFR. 

PVC.  In  IFR  conditions,  the  occurrence  of  certain  poor 
ceiling  and  visibility  conditions  may  substantially  reduce 
runway  capacity.  In  this  report  these  conditions  are  called 
Poor  Visibility  Conditions  or  PVC.  No  visual  re’ ief  is 
permitted  to  the  air  traffic  control  separation  standards  in 
this  environment.  However,  the  controller  is  assumed  to  be 
able  to  tell  (by  visual  contact  or  electronics)  when  an  arrival 
has  landed  on  the  runway. 

1.  Model.  The  word  "model"  is  used  to  refer  to  a set  of 
Fortran  IV  instructions  for  calculating  capacity  or  delay.  The 
word  model  is  used  in  conjunction  with  21  unique  sets  of 
Fortran  IV  instructions.  These  are  illustrated  oi  Figure  1-2. 


m.  Submodel . The  word  "submodel"  is  used  to  refer  to 
the  first  division  of  a model.  Submodel  is  only  used  in 
connection  with  runway  capacity  models.  There,  it  always 
refers  to  the  strategy  for  usinq  the  runway  (s)  by  arrivals  and 
departures. 


n. 

division 

capacity 


P ranch ♦ The 
of  a submodel 
for  different 


word  "branch"  is  used  to  refer  to  the 
info  logical  statements  for  calculating 
operating  conditions  (VFR,  IFR  or  PVC) . 
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o.  Batch  Capacity  Model,  The  expression  "Batch  Capacity 
Model"  is  used  to  refer  to  all  runway  capacity  models  plus  the 
taxiway  and  qate  models.  It  is  called  "batch"  because  inputs 
to  the  model  are  normally  made  on  IBM  cards  via  a card  reader. 

p.  Runway  Capacity  Model . The  expression  "runway 
capacity  model"  is  used  to  refer  to  all  models  that  compute 
hourly  runway  capacity;  i.e.,  single  runway  model,  two  parallel 
runway  model,  two  intersecting  runway  model,  etc. 

q.  On-line  Model . This  expression  describes  the  process 
of  using  a teletype  timesharing  terminal  with  a computer 
generated  question  and  answer  tutorial  program. 

1.4  Model  Overview 

'The  FAA  has  developed  a series  of  computer  models  for  the 
analysis  of  the  airside  of  an  airport.  These  models  can  he 
used  to  determine  the  capacity  and  delay  on  airports,  and  to 
study  the  fine-grain  sensitivity  of  capacity  and  delay  to 
variations  of  airport  specific  conditions. 

Two  types  of  models  are  available; 

a.  Analytic  Models;  i.e.,  closed  form  equations. 

b.  A Critical  Event  Simulation  Model;  i.e.,  a computer 
representation  of  time  ordered  events. 

Analytic  models  were  developed  to  determine  the  hourly  capacity 
of  individual  airfield  components-- the  runways,  the  taxiways 
and  the  gates.  Capacity  submodels  were  developed  for  over  100 
runway  use  configurations.  One  model  was  developed  for 
determining  the  hourly  capacity  of  a taxiway  crossing  a runway. 
One  model  was  developed  for  estimating  gate  capacity.  These 
models  calculate  capacity  as  the  inverse  of  the  average  service 
time  for  all  aircraft  being  served.  For  example,  if  it  takes 
an  average  of  48  seconds  for  aircraft  to  be  "served"  on  a 
runway,  the  capacity  of  the  runway  equals  one  aircraft, 
operation  per  45  seconds,  or  80  operations  per  hour.  these 
models  treat,  runways,  taxiways,  and  gates  as  independent 
elements . 

Analytic  models  hav°  also  been  developed  for  determining  Annual 
Service  volume  and  Annual  Belay.  The  Annual  Service  Volume 
Model  computes  *-he  product  of  the  weighted  average  hourly 
capacity,  hourly  peaking  factor  and  daily  peaking  factor.  The 
Annual  Delay  Model  computes  delay  for  each  representative  hour 
of  the  year  and  produces  a weighted  average  annual  delay  per 
operation  based  on  input  values  of  weather  and  capacity 
distributions. 


The  Delay  Simulation  Model  was  developed  to  determine  delay  per 
aircraft,  travel  time,  and  flow  rate  information.  The  model 
simulates  the  movement  of  aircraft  from  the  entry  gate  of  the 
common  approach  path  to  the  apron  gates,  and  from  the  apron 
qates  to  takeoff.  It.  treats  the  airfield  components  as 
integrated  parts  of  a system.  It  is  a critical  events  model 
that  employs  Monte  Carlo  sampling  techniques.  Because  of  the 
modular  structure  of  the  model,  the  total  airfield  or  its 
individual  components  can  be  analyzed  by  manipulation  of  the 
model  inputs. 

Both  the  Batch  Capacity  Model  and  the  Delay  Simulation  Model 
can  be  used  to  analyze  the  capacity  of  an  airport.  Figure  1-3 
provides  an  overview  comparison  the  model  logic  for  the  Batch 
Capacity  Model  and  the  Delay  Simulation  Model.  Generally,  the 
Delay  Simulation  Model  is  more  versatile,  provides  more  input 
detail,  and  is  more  system  oriented  than  the  Batch  Capacity 
Model.  However,  substantially  more  time  is  required  to  develop 
inputs  for  the  Delay  Simulation  Model  and  much  greater  computer 
capacity  is  required. 

On-line  models  were  developed  to  work  in  con-junction  with  the 
Batch  Capacity  Model,  Annual  Delay  Model  and  to  compute  Annual 
Service  Volume.  The  On-line  Runway  Capacity  Model  is  a 
tutorial  program  with  stored  data  that  accesses  the  Batch 
Capacity  Model  to  compute  capacity.  The  model  logic  (i.e., 
equations)  for  the  On-line  Runway  Capacity  Model  and  the  Batch 
Capacity  Model  are  identical.  The  On-line  Annual  Delay  Model 
is  a special  adaptation  of  the  Annual  Delay  Model.  The  full 
input  capability  of  the  Annual  Delay  Model  is  available  through 
the  On-line  Annual  Delay  Model.  However,  the  distributions  of 
capacity,  demand  and  weather  are  in  fixed  intervals;  i.e., 
monthly,  daily,  hourly,  VFR,  IFR  and  PVC.  As  an  option,  stored 
data  can  be  called  for  some  parameters.  The  Annual  Service. 
Volume  Model  is  only  available  in  a tutorial  on-line  model.  No 
built  in  data  is  available. 


. 5 Model  Availability 

The  models  described  in  this  report  are  available  for  airport 
planninq.  A magnetic  tape  containing  the  Batch  Capacity  Model , 
the  Delay  Simulation  Model  and  the  On-line  Annual  Delay  Model 
may  be  purchased  from: 

National  Technical  Information  Service 
Attn:  Order  Desk 

*>28  5 Port  Royal  Road 
Springfield,  Virginia  22161 

The  program  name  is:  FAA. CAP. AND. DELAY.  Magnetic  tapes 

are  available  in  9 track  800  bpi  and  7 track  800  bpi  recording 

modes.  The  purchase  cost  of  a tape  is  $60. 
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In  addition,  copies  of  this  magnetic  tape  may  he  borrowed  from: 

Chief,  Airport  Design  Branch,  ARD-410 
DOT/FAA 

2100  Second  Street,  S.W. 

Washington,  D.c.  20950 

(202)  426-3685 

or  an  "as  available"  basis. 


1 . 6 Configuration  Control 

Configuration  control  is  being  exercised  by  the  FAA  over  the 
models  contained  in  this  report.  This  is  for  the  purpose  of 
documenting  changes  and  extending  model  capabilities.  The 
following  are  valid  programs  as  of  November  1976: 

Batch  Capacity  Model  Version  5a 

Delay  simulation  Model  Version  2d 

Annual  Delay  Model  Version  la 

On-line  Runway  Capacity  Model  Version  2 

On-lino  Annual  Service  Volume  Model  Version  1 

On-line  Annual  Delay  Model  Version  1 (May  1976) 


1 • 7 Computer  Regui roments 

All  the  computer  programs  referenced  in  this  reoort  are  written 
in  a basic  form  of  FORTRAN  IV  and  should  be  readily  useable  on 
any  FORTRAN  compatible  computer.  The  following  table  defines 
the  approximate  core  requirements  for  each  program. 

Model Core  Requirement 

Batch  Capacity  210k  bytes 

Model  Version  5 

Delay  Simulation  490k  bytes 

Model  3 

Annual  Delay  Version  1 30k  (octal)  on  CDC  CYBER  74 


1. 8 References 

a . Procedures  for  Determination  of  Airport  Capacity , 

FAA-RD-7  3-111,  Volumes  I and  II,  Aoril  1973,  Interim 
Peport,  Phase  I 

This  report  discusses: 

(1)  The  results  of  a user  survey  on  what  an  airport 
capacity/delay  determination  report  should 
contain. 
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(2)  The  data  collection  effort  conducted  in  th*» 

Fall  of  1972. 

(3)  The  model  loqic  concepts  for  the  analytical 
capacity  model. 

(4)  The  model  loqic  concepts  for  the  Delay 
Simulation  Model. 

b . Techniques  for  Determining  Airport  Capacity  and 
Delay.  FAA-RD-7U - 1 24 , dated  June  1976 

This  report  discusses: 

(1)  An  hourly  capacity  determination 
procedure  via  curves. 

(2)  An  approximate  hourly  delay  determination 
procedure  via  curves. 

(3)  The  tutorial  computer  proqrams  for 
determininq  runway  capacity  and  annual  delay 
discussed  in  this  report. 

(4)  Manual  calculation  of  Annual  Service 
Volume. 

c . Technical  Report  on  Airport  Capacity  and  D^lay  Studies, 
FAA-RD-76- 1S3  lated  June  1976 

This  report  discusses: 

(1)  Capacity  and  simulation  model  loqic. 

(2)  The  validation  of  the  capacity  and 
simulation  model. 

(3)  Issues  related  to  the  production  of 
simplified  capacity  and  d«lay  curves. 

d . Supporting  Documentation  for  Technical  Report  on 
Airport  Capacity  and  Delay  Studies,  FAA-RD-76- 162 , 
dat  e 1 June  1976 

This  report  discusses: 

(1)  Runway  Capacity  Model  inputs  for  O'Uare 
validation. 

(2)  Capacity  Model  inputs  for  handbook  produc- 

t ion. 

(3)  Description  of  inputs  for  the  On-line 
Runway  Caoacity  Model. 


(4)  Description  of  inputs  for  the  On-line 
Annual  Delay  Model. 


e.  A Model  of  the  Airfield  Surface  System. 

D.  Maddison,  ITTE,  University  of  California,  Berkeley, 
April  1970 


F * 
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Aircraft 
Classif i- 
cation 
Class  A 


Class  B 


Class  C 


Class  D 


Types  of  Aircraft 
Small  single-engine  aircraft 
w°iqhing  12,500  lbs.  or  less 
(e. q . , PAIR,  PA23,  C180,  C2C7) 

Small  twin-enqine  aircraft, 
weiqhinq  12,500  lbs.  or  less 
and  Lear  jets  (e.g.,  RE31,  BE55, 

BE8Q,  BE99,  C310,  C402,  LR25) 

Large  aircraft  weiqhinq  more  than 
12,500  lbs.  and  up  to  300,000  lbs.  (e.g., 
CV3U,  CV58,  CV88 , CV99,  DC4,  DC6 , DC7 , 

L 1 8 8 , L49 , DC8-10,  20  series,  DC9, 

B737,  B727,  B7 20 , R707-120,  BA11,  S210) 

Heavy  aircraft  weiqhinq  more  than 
300,000  lbs.  (e.g.,  L1011;  DC8-30,  40 
50,  80  series;  DC10;  R707-300  series;  B747; 
VC  1 0 ; A300;  Concorde;  IL62) 


For  aircraft  type  designation,  see  FAA  Order  No.  7340. IE 
with  changes. 

Weights  refer  to  maximum  certificated  gross  take-off 
we  iqht . 

Heavy  Jet  aircraft  are  capable  of  300,000  pounds  or  more 
whether  or  not  they  are  operating  at  this  weight  during 
a particular  phase  of  flight.  (Reference;  FAA  Handbook 
7110.80  with  changes.) 


NOTE;  These  aircraft  c lassi f ications  generally  follow  the 
TERPS  categorization.  It  does  not  follow  the  previous 
categorization  used  in  AC  1 50/5060- 1 A "Airport  Capacity 
Criteria  Used  in  Preparing  the  National  Airport  Plan"; 
i.e. , the  "red  book." 


FIGURE  1-1 


AIRCRAFT  CLASSIFICATION 


PARAMETERS  RUNWAY  CAPACITY  MODEL  DELAY  SIMULATION  MODEL 


Airport  Geometry  Equations 

Demand  Mix  and  Percent 

Arrivals 


Link-node  Diagram 
Schedule  of  Operations 


Method  of  Insert-  Calculation  Problem 
inq  Departures  of  1,  2 and  3 

Departures  in 
Arrival  Gap 


If  departure  Queue  = X, 
insert  a qap  of  Y 
minutes. 


Flo*  of  Aircraft  Assumed  Independent 
Output  Hourly  Runway  Capacity 


Integrated 

Delays,  Travel  Times, 
Flow  Rates 


Demand  Distri-  Assumed  for  Maximum  Determined  by  Schedule 

bution  Over  Capacity 

Threshold 


Number  of  Runway  Limited  Unlimited 

Use  Configura- 
tions Covered 


FIGURE  1-3 

COMPARISON  OF  RUNWAY  CAPACITY  MODEL  WITH  DELAY  SIMULATION  MODEL 
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CHAPTER  2 


- BATCH  CAPACITY  MODEL  VERSION  5 - 
RUNWAY  CAPACITY 


Introduction 

Analytic  models  were  developed  to  determine  the  capacity  of 

13  major  airfield  qeometries;  i.e., 

GEOMETRY  MODEL  No. 

Sinqle  Runway  1 

Two  Parallel  Runways  2 

Two  Intersectinq  Runways  6 

Three  Parallel  Runways  3 

Four  Parallel  Runways  4 

Two  Open  V Runways  5 

Three  Intersectinq  Runways  7 

Three  Open  V Runways  10 

Four  Open  V Runways  11 

Two  Runways  Intersectinq  Beyond  Threshold  12 

Three  Runways  Intersecting  Beyond  Threshold  13 

Four  Runways  Intersectinq  Beyond  Threshold  14 

Four  Intersectinq  Runways  15 

Typical  layouts  of  these  qeometries  are  depicted  in  Figure  2- 


Each  qeometry  model  contains  a series  of  submodels  to  account 
for  the  strategy  with  which  the  active  runways  are  used  by 
arrivals  and  departures.  For  example,  a parallel  runway 
qeometry  may  be  used  with  arrivals  on  one  runway  and 
departures  on  the  other  runway,  or  arrivals  on  both  runways 
and  departures  on  one  runway,  or  arrival  and  departure 
operations  on  both  runways,  or  one  of  several  other  possible 
ways.  Within  each  strategy  submodel  there  are  logic  branches 
to  account  for  different  operating  conditions;  i.e.,  VFR , IFR 
and  PVC . Figure  2-2  depicts  the  hierarchy  of  model 
nomenclature  used  in  this  chapter. 

Each  qeometry  model  and  associated  strateqy  submodel  can  be 
referred  to  via  a two  number  format;  e.g..  Model  1-1  refers 
to  model  1 and  its  associated  strategy  1 (i.e.,  arrivals 
only) ; Mod"l  5-3  refers  to  model  5 and  its  associated 
strateqy  3 (i.e.,  mixed  operations  on  Runway  1 and  departures 
on  Runway  2) . A complete  listinq  of  model- strategy 
combinations  in  the  Runway  Capacity  Model  is  contained  in 
Table  2-1.  Note:  a model-strategy  combination  defines  a 

runway  use  configuration. 


Model  Logic  Summary 


1 
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The  development,  of  the  Punway  Capacity  Model  loqic  equations 
is  contained  in  references  a and  c.  This  paragraph  presents 
a summary  of  the  Runway  Capacity  Model  loqic. 

2-2.1  Arrival  Operations  on  a Single  Runway.  Model 

The  capacity  of  an  arrival  only  runway  is  qiven  by: 

3600 3600 

CAPACITY  = averaqe  time  separation  = TAA 
between  arrivals 

Model  1-1  determines  the  required  time  separation  for  each 
aircraft  class  pair  (TAAij)  by  comparing  the  arrival  runway 
occupancy  time  of  the  lead  aircraft  i and  the  time  separation 
over  threshold  for  the  aircraft  pair  ij.  The  larger  of  these 
two  values  is  assumed  to  be  the  required  time  separation  over 
threshold  for  this  pair  of  arrival  aircraft  classes.  The 
frequency  with  which  each  aircraft  class  pair  would  occur  is 
assumed  to  be  the  product  of  the  mixes  of  the  aircraft 
classes  involved;  e.q. , the  frequency  of  occurrence  of 
aircraft  class  pair  ij  -=  %i  x /100C.  Therefore,  th0 
average  +-ime  separation  between  arrival  pairs  is  computed  as 
the  product  of  TAAij  for  each  aircraft  class  pair  and  the 
frequency  with  which  the  aircraft  class  pair  is  expected  to 
occur. 

In  determining  arrival  runway  occuoancy  time  and  the  time 
between  arrivals  the  Runway  Capacity  Model  considers  the 
variability  of  aircraft,  pilots  and  controllers  as  expressed 
by  the  standard  deviations  of  arrival  runway  occupancy  time 
and  arrival-arriva 1 separation.  In  addition,  in  determining 
the  time  between  arrivals  over  the  threshold,  the  Runway 
Capacity  Model  considers  the  approach  velocities  of  the 
aircraft  pair  and  the  lenqth  of  the  common  final  approach 
path.  If  the  velocity  of  the  t.railinq  aircraft  is  equal  to 
or  greater  than  the  velocity  of  the  lead  aircraft,  the 
specified  minimum  arrival-arrival  separation  is  assured  over 
the  threshold.  If  the  trailing  aircraft  is  operating  at  a 
lower  velocity  than  the  lead  aircraft,  the  specified  minimum 
arrival-arrival  separation  is  assured  at  the  merge  point  of 
the  two  approach  paths. 


2.  2.  2 Departure 


on  a Single  Runway . Model  J-2 


The  capacity  of  a departure  only  runway  is  aiven  by: 

3600 3600 

CAPACITY  = average  time  separation  = TDD 
between  departures 


Model  1-2  determines  the  required  time  separation  for  each 
aircraft  class  pair  (TDDkl)  by  comparinq  the  departure  runway 
occupancy  time  of  the  lead  aircraft  k and  the  time  separation 
between  departures  (from  threshold)  for  the  aircraft  pair  kl. 
The  larger  of  these  two  values  is  assumed  to  be  the  required 
time  separation  at  threshold  for  this  pair  of  departure 
aircraft  classes.  The  average  time  separation  between 
departures  is  computed  as  the  product  of  TDDkl  for  each 
aircraft  class  pair  and  the  frequency  with  which  the  aircraft 
class  pair  is  expected  to  occur. 


2.2.3  Mixed  Operations  On  a Single  Runway,  Model  1-3 


The  capacity  (without  regard  to  percent  arrival)  of  a single 
runway  used  by  arrivals  and  departures  is  given  by: 

CAPACITY  = (Arrival  only  runway  capacity)  ♦ (Number 
of  departures  that  can  be  inserted 
between  arrivals) 

To  insert  departures  between  arrival  pairs  Model  1-3  imposes 
the  following  requirements: 

a.  Departures  cannot  roll  if  an  arrival  is  on  the 

runway. 

b.  Departures  cannot  roll  if: 

(1)  An  arrival  is  within  some  specified  distance 

of  the  runway  threshold,  or 

(2)  The  departure  cannot  clear  the  runway 

before  the  arrival  comes  over  the  threshold. 

c.  Departure-departure  separations  must  be  met 

to  insert  multiple  departures  between  an 
arrival  pair. 

Employing  these  conditions.  Model  1-3  computes  the 
probability  of  inserting  1,  2 and  3 departures  between  each 
arrival  pair.  The  interleaved  departure  capacity  is  then 
determined  from  these  probabilities  and  the  aircraft  mix. 

One  of  the  specified  conditions  in  determining  the  mixed 
operation  capacity  of  a sinqle  runway  (or  any  runway  use 
configuration)  is  the  percent  arrival.  The  equation  outlined 
above  does  not  consider  the  percent  arrival.  Additional 
logic  is  employed  by  the  model  to  compel  the  capacity  result 
to  reflect  the  desired  percent  arrival.  This  logic  is 
discussed  in  paragraph  2.2.7. 


2.  2.4 


Simultaneous  Arrival  Operations  on  Close  Spaced  Parallel 
Runways  in  VFR,  Model  2-19 

In  VFR  operatinq  conditions  simultaneous  arrival  operations 
can  be  made  to  close  spaced  parallel  runways;  i.e.,  runways 
with  centerline  separations  from  700  to  2499  feet,  if  neither 
of  the  aircraft  is  a heavy  jet.  When  a heavy  jet  is  present 
on  the  final  approach  path,  the  runways  become  dependent  and 
the  trailing  aircraft  on  both  runways  are  required  to  observe 
the  single  runway  wake  turbulence  separations  (e.g. , 4 n.mi. 
for  heavy-heavy  and  larqe-small,  5 n.mi.  for  heavy-large  and 
6 n.mi.  for  heavy-small  aircraft  pairs). 

To  compute  capacity  (without  regard  to  percent  arrival) , 

Model  2-19  considers  two  conditions; 

a)  The  percent  of  the  time  when  there  is  no  wake 

turbulence  interaction  between  the  runways. 

b)  The  percent  of  the  time  when  there  is  wake 

turbulence  interaction  between  the  runways. 

The  capacity  for  condition  a)  is  the  sum  of  the  single  runway 
capacities.  To  compute  the  capacity  of  condition  b) , Model 
2-19  considers  the  followinq  quadruplet  of  airplanes: 

^Ti 

The  model  first  determines  the  largest  specified  separation 
between  the  lead  il,  i2  aircraft  and  the  trailinq  jl,  j2 
aircraft.  For  example,  if  il  - C class  aircraft,  i2  = D 
class  aircraft,  jl  = A class  aircraft  and  j2  = C class 
aircraft,  the  separation  selected  for  this  quadruplet  of 
airplanes  would  be  the  specified  separation  for  a D class 
aircraft  followed  by  an  A class  aircraft;  i.e.,  it  would  be 
assumed  that  the  C-A  (il  jl)  and  D-C  (i2  j2)  aircraft  would 
be  separated  by  the  input  D-A(i2  jl)  value  of  arrival-arrival 
separation.  The  model  determines  this  maximum  separation 
value  for  all  possible  quadruplets  of  aircraft  classes.  The 
effect  of  this  procedure  is  to  increase  the  occurrence  of 
larqe  separations.  Capacity  for  condition  b)  is  then  the 
product  of  the  arrival-arrival  separation  values  (or  for  some 
aircraft  pairs,  the  arrival  runway  occupancy  time  of  the  lead 
aircraft)  and  the  frequency  of  occurrence  for  each  quadruplet 
of  aircraft  classes. 
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The  capacity  for  this  runway  use  configuration  is  the  sum  of 
the  capacity  for  each  condition  multiplied  by  its  probability 
of  occurrence.  The  probability  of  no  wake  turbulence 
interaction  is  equal  to  (100  - Xn)/100  squared.  The 
probability  of  wake  turbulence  interaction  is  given  by  1 - 
(100  - %D) /I  00  squared. 

NOTE:  For  this  runway  use  configuration,  it  is  possible  to 
specify  a buffer  time  separation  between  the  lead  aircraft 
pair  as  illustrated  below: 

V I-  BAA  -I 

>7-  >>- 

This  buffer  between  simultaneous  arrivals  is  normally  used  to 
keep  faster  wake  turbulence  producing  aircraft  from  gett.inq 
ahead  of  slower  aircraft  on  a parallel  approach  by  the  time 
the  aircraft  pair  reaches  the  runway  thresholds. 

To  compute  the  capacity  of  this  geometry  with  mixed 
operations  on  each  runway.  Model  2-24  determines  the  number 
of  departures  that  can  be  interleaved  under  conditions  a)  and 
b) . The  capacity  for  this  runway  use  configuration  (without 
regard  to  percent  arrival)  is  determined  as  the  sum  of  the 
total  capacity  for  each  condition  and  its  frequence  of 
occurrence.  Note  that  it  is  easier  to  insert  departures 
under  condition  b)  because  of  the  increased  occurrence  of 
larger  arrival-arri val  separations. 


2.2.5  Arrival  Operations  on  Intermediate  Spaced  Parallel  Runways  in 
IFRX  Model  2-7 

As  used  in  this  report,  intermediate  parallel  runways  are 
those  with  centerline  separation  between  2500  and  4299  feet. 
Tn  IFR  operating  conditions,  simultaneous  arrival  approaches 
cannot  be  made  on  these  runways.  However,  since  the  runway 
centerline  separation  is  equal  to  or  greater  than  2500',  no 
increased  arrival  separation  is  required  for  cross  track  wake 
turbulence. 

To  compute  capacity.  Model  2-7  considers  the  following 
triplet  of  airplanes: 
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The  arrival-arrival  separation  for  the  ij  aircraft  class  pair 
is  the  greater  of  the  input  arrive  1 separation  for  the  ij 
class  pair  or  the  ig  ♦ gj  arrival  separation  where  ig  and  gj 
are  arrival  separations  without  regard  to  wake  turbulence. 

To  determine  arrival  separations  without  regard  to  wake 
turbulence,  the  following  transformation  of  input  arrival- 
arrival  separations  is  made: 

EQUIVALENT  AIRCRAFT  PAIR  WITHOUT 
AIRCRAFT PAIR  WAKE  TURBULENCE  SEPARATION 


CA 

BB 

CB 

CC 

DA 

BA 

DB 

BB 

DC 

CC 

DD 

CD 

The  capacity  of  each  runway  is  determined  from  the  single 
runway  arrival  only  model  using  the  increased  ij  arrival- 
arrival  separations  as  determined  above  and  the  frequency  of 
occurrence  of  each  triplet  of  aircraft  classes.  The  capacity 
for  this  runway  use  configuration  is  then  the  sum  of  the 
capacity  of  each  runway. 

To  compute  the  capacity  for  mixed  operations  on  intermediate 
parallel  runways  in  IFR,  Model  2-12  determines  the  number  of 
departures  that  can  be  interleaved  on  a single  runway  with 
the  increased  ij  arrival-arrival  separations  as  determined 
above.  The  mixed  operation  capacity  (without  regard  to 
percent  arrival)  is: 

CAPACITY  = 2 x (Arrival  only  runway  capacity 

using  increased  arrival-arrival  separations) 
♦ 2 x (Interleaved  departure  capacity) 


2.2.6  Two  Intersecting  Runways  with  Arrivals  on  One  Runway  and 
Departures  on  the  Other.  Model  6-2 

The  capacity  for  this  runway  use  configuration  is  given  by: 

CAPACITY  = (Single  runway  arrival  only  capacity)  ♦ 
(interleaved  departure  capacity) 

The  single  runway  arrival  only  capacity  is  calculated  as  in 
paragraph  2.2.  1 . 

Model  6-2  calculates  the  probability  of  inserting  a departure 
between  two  arrivals  based  on  the  following  conditions  being 
met: 

a.  The  arrival  aircraft  has  cleared  the  runway 
intersection  or  has  exited  the  runway. 
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b.  That  at  the  time  the  departure  beqins  to  roll,  the 
arrival  is  not  within  a specified  distance  of  the  arrival 
threshold . 

c.  That  the  departure  will  clear  the  runway 
intersection  before  the  arrival  comes  over  the  threshold. 

If  departure  and  arrival  flight  paths  are  projected  to  cross, 
additional  wake  turbulence  separation  (currently  2 minutes) 
through  the  intersection  is  required.  To  analyze  vhis 
special  case,  the  Delay  Simulation  Model  discussed  in  chapter 
4 is  recommended.  These  conditions  could  possibly  occur  when 
the  distance  from  the  arrival  threshold  to  intersection  is 
less  than  2000  feet  and  the  distance  from  departure  threshold 
to  intersection  is  more  than  5000  feet. 


Percent  Arrival  Technique 

The  equations  for  computing  capacity  contained  in  the 
previous  subparagraphs  did  not  consider  the  desired  percent 
arrival.  These  equations  were  based  on  arrivals  having 
preemptive  priority.  This  condition  is  referred  to  as  the 
”9999"  percent  arrival  case.  To  arrive  at  the  desired 
percent  arrival,  the  following  methodology  is  used: 

a.  If  the  runway  use  configuration  under  consideration 
allows  more  departures  than  necessary  to  satisfy  the 
specified  percent  arrival,  departures  are  eliminated  until 
the  required  percent  arrival  is  satisfied. 

b.  If  the  runway  use  configuration  under  consideration 
with  preemptive  arrival  priority  allows  less  departures  than 
necessary  to  satisfy  the  specified  percent  arrival,  the  model 
calculates  the  capacity  of  a revised  runway  use 
configuration.  The  revised  runway  use  configuration  is 
obtained  by  eliminating  all  arrival  stream  (s)  that  could 
influence  the  departure  stream (s).  Figure  A- 1 contains  the 
revised  runway  use  configurations  used  by  the  model. 

The  "9999"  capacity  of  the  input  runway  use  configuration  and 
revised  runway  use  configuration  are  then  each  operated  part 
of  the  time  in  proportions  that  satisfy  the  specified  percent 
arrival. 

c.  If  the  percent  arrival  of  the  revised  runway  use 
configuration  is  greater  than  that  needed  to  satisfy  the 
specified  percent  arrival,  all  arrival  stream  (s)  are 
eliminated.  This  results  in  a departure  only  runway  use 
configuration.  The  input  runway  use  configuration  and  the 
departure  only  runway  use  conf iguration  are  then  each 
operated  part  of  the  time  in  proportions  that  satisfy  the 
specified  percent  arrival. 
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If,  for  example,  the  capacity  (without  regard  to  percent 
arrivals)  for  a runway  use  configuration  was  35  arrivals  and 
60  departures,  but  the  user  had  specified  50*  arrival,  the 
model  would  eliminate  the  departures  in  excess  of  the  arrival 
capacity  and  list  the  capacity  of  the  runway  use 
configuration  as  35  arrivals  and  35  departures  for  a total  of 
70  operations/hour.  Twenty-five  more  departures/hour  are 
possible  but  are  not  required  for  the  specified  percent 
arrival. 


If,  for  example,  the  hourly  capacity  (without  regard  to 
percent  arrivals)  of  a single  runway  with  mixed  operations 
was  35  arrivals  and  15  departures  but  the  user  had  specified 
50*  arrival,  an  option  strategy  would  be  required.  The 
option  strategy  would  be  a departure  only  runway  usage  for 
enouah  time  to  process  20  (i.e. , 35  - 15)  departures.  If  the 
departure  only  capacity  was  50  operations/hour,  this  would 
require  24  minutes  (i.e.,  60  x 20/50).  Now  35  arrivals  and 
35  departures  could  be  processed  in  60  24  = 84  minutes. 

The  hourly  capacity  at  50*  arrival  would  be  50  operations  per 
hour  (i.e.,  70  x 60/84). 

The  implication  of  the  percent  arrival  technique  is  that  the 
individual  runways  of  a runway  use  configuration  will  be  used 
in  a fashion  that  will  produce  the  maximum  capacity  for  the 
desired  percent  arrival.  For  example,  if  a runway  use 
conf iguration  consisted  of  parallel  runways  spaced  1000  feet 
on  centerline  with  mixed  operations  on  one  runway  and 
departures  only  on  the  second  runway,  the  model  would  assume 
that  the  bulk  of  the  departures  would  operate  on  the  second 
runway.  if  for  some  reason  the  bulk  of  the  departures  were 
constrained  to  operation  on  the  mixed  operations  runway,  the 
model  would  overstate  the  capacity  of  the  runway  use 
configuration.  For  example,  if  a runway  use  configuration 
consisted  of  four  parallel  runways  where  two  runways  were 
used  for  mixed  operations,  one  runway  was  used  for  arrivals 
only  and  one  runway  was  used  for  departures  only,  the 
capacities  might  be: 


Capacity 


Runway 

Operation 

Arrival 

Departure 

1 

Mi  xed 

35 

25 

2 

Mixed 

35 

20 

3 

Arrival 

35 

0 

4 

Departure 

. 0 

60 

105 

105 

The  capacity  for  all  four  runways  at  50*  arrivals  is  210. 
However,  if  the  constraint  was  imposed  to  have  half  the 
demand  on  runways  1 and  2 and  half  on  runways  3 and  4,  the 
capacity  would  be  substantially  less;  i.e.,  116  ♦ 70  = 186. 

When  constraints  exist  on  the  apportionment  of  demand  per 
runway  within  a runway  use  configuration,  it  is  advisable  to 
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calculate  the  capacity  of  each  runway  or  dependent  runway 
pair  separately  and  apply  the  percent  arrival  technique 
manually.  This  procedure  is  described  in  Appendix  A. 


The  percent  arrival  technique  normally  qives  preemptive 
priority  to  arrival  operations;  i.e.  , arrivals  have  first 
priority  for  use  of  the  runway  and  arrival  operations  are 
assumed  to  be  conducted  at  the  minimum  allowable  arrival- 
arrival  separation.  Departures  are  inserted  between  arrivals 
on  a space  available  basis.  However,  for  Models  1-3,  2-24 
and  6-2,  an  optional  methodoloqy  is  available  to  give  equal 
priority  to  arrival  and  departure  operations.  This  optional 
technique  will  normally  produce  a hiqher  capacity  than  the 
preemptive  priority  logic  because  gaps  are  provided  between 
arrivals  to  insert  departures.  The  optional  technique  can 
only  be  used  for  50%  arrivals. 


2.2.8  Combinations  of  Models 

The  models  for  the  remaining  runway  use  configurations  are 
combinations  of  the  prime  equations  discussed  above.  Tabic 
2-1  defines  these  models.  For  example.  Model  2-16  in  VFR  is 
the  sum  of  the  capacity  tor  the  Single  Funway  Model  with 
mixed  operations  and  the  Single  Runway  Model  with  arrivals 
only.  The  output  capacity  is  adjusted  for  the  desired 
percent  arrivals.  Model  13-2  is  made  up  of  the  Two  Parallel 
Runway  Model  with  mixed  operations  for  close  spaced  runways 
and  the  Single  Runway  Model  for  departures  only  and  the 
resultant  capacity  is  adjusted  for  the  desired  percent 
arrivals. 


2.2.9  Aircraft  Mix 

In  general,  the  definition  of  aircraft  classes  used  in  the 
Runway  Capacity  Model  is  at  the  users  discretion.  However, 
the  logic  of  the  following  runway  models  will  treat  D type 
aircraft  as  wake  turbulence  producing  aircraft  and  apply 
special  wake  turbulence  air  traffic  control  seoaration 
criteria. 


VFR 


2-19, 

2-21 

, 2-22,  2-23, 

2-24 

3-1. 

3-2, 

3-3,  3-4,  3-7 

thru 

4-5 

thru 

4-22,  4-24 

7-5 

10-1 

thru 

10-5 

1 1-  1 

thru 

11-4 

13-  1 

thru 

13-4 

14-1 

thru 

14-4 

-12,  3-18  thru  3-22,  3-28 
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IFR 

2- 7,  2-10,  2-12,  2-13,  2-15,  2-13 

3- 1,  3-2,  3-4,  3-5,  3-7,  3-9,  3-13,  3-17  thru  3-21, 

3-25,  3-28 

4- 9 

5- 1 

1C-1,  10-2,  10-5 
11-2 

13- 2,  13-2 

14- 2 


2.2.10  Runway  Specific-  Mix 

The  logic  for  the  following  models  in  IFR  operating 
conditions  does  not  consider  the  mix  on  each  runway: 

2-15,  2-19,  2-21,  3-1,  3-28,  3-29,  4-21,  4-22,  4- 
24,  5-1,  7-3,  7-4,  7-5,  7-6,  10-1,  10-2,  10-5,  11- 
2,  13-1,  13-2,  14-1,  14-2,  14-3,  14-4,  15-1  and 

15-2. 

the  logic  for  the  following  models  in  VFR  operating 
conditions  do  not  consider  the  mix  on  each  runway: 

7-3,  7-4,  7-5,  7-6,  14-3,  14-4,  15-1,  15-2 

For  all  the  above  models,  the  same  mix  should  be  applied  to 
each  runway.  If  different  mixes  are  entered  for  each  runway, 
these  models  will  average  the  mixes  and  use  this  average  mix 
in  the  computation  of  capacity.  All  other  runway  capacity 
models  will  calculate  capacity  based  on  the  mix  specified  for 
each  runway.  However,  if  the  mix  on  each  runway  is  not 
identical,  care  should  be  taken  to  see  that  the  percent 
arrival  technique  does  not  distort  capacity.  For  example, 
for  two  parallel  runways  spaced  500C  feet  on  centerline  in 
VFR  wi^-h  commerical  arrivals  and  departures  using  one  runway 
and  general  aviation  using  the  other  runway,  the  following 
capacity  analysis  might  result: 

Arrival  Capacity  Departure  Capacity 
Runway  1 35  15 

Runway  2 4J3  60 

75  75 

The  percent  arrival  technique  applied  to  both  runways  would 
result  in  a capacity  of  150,  where  as,  if  the  50*  arrival 
requirement  was  applied  to  each  runway,  the  capacity  would  be 
132;  i. e.  , 


Arrival  Capacity 

Departure  Capacity 

’rotal 

Runway  1 

26 

26 

52 

Runway  2 

40 

40 

80 
1 32 

2 f 


T 


A 


I 


w 

S 


assuming  a commercial  departure  only  capacity  of  60  operations 
per  hour. 


2.2.11  Minimum  Arrival  Separation 

The  input  parameter  DLTAIJ  is  defined  as  the  "minimum” 
separation  between  a pair  of  arrivals  over  the  length  of 
their  common  approach  path.  The  Runway  capacity  Model 
converts  the  minimum  arrival  separation  into  an  average 
arrival-arrival  separation  over  threshold  by  the  following 
formula: 

Average  Separation  Over  Threshold  = (Minimum  Separation) 
♦ (Control  System  Buffer)  ♦ (Velocity  Differential) 


or 


AASR(ij)  = 3600  x DLTAIJ  (i  j) /V  ( j)  ♦ SIGAA  X FPV 
♦ MAX  (0  , GAMMA  (J)  x (IV  (j)  - IV  (i)  ) 


where 


AASR  (i  j) 
DLTAIJ  (ij) 
V(j) 

GAMMA  (j) 

V(I) 

SIGAA 

FPV 


IV(j) 

IV(i) 


Arrival-arrival  separation  reguirement 
in  seconds 

Minimum  arrival-arrival  separation  between 
two  arriving  aircraft  in  nautical  milf>s 
Velocity  of  the  trail  aircraft  in  knots 
Length  of  the  common  approach  path  for  the 
trail  aircraft  in  nautical  miles 
velocity  of  the  lead  aircraft  in  knots 
Arrival-arrival  separation  standard  deviation 
in  seconds 

The  number  of  standard  deviations  required 
to  insure  that  the  minimum  separations  are 
not  violated  more  than  a given  percent. 
1/V(j) 

1/V(i) 


The  average  arrival-arrival  separation  over  threshold 
(AASR  (i  j)  ) is  used  by  the  Runway  Capacity  Model  in  the 
computation  of  capacity.  The  minimum  arrival-arrival 
separation  DLTAIJ  is  one  factor  in  determining  the  average 
arrival-arrival  separation  over  threshold. 


There  are  several  ways  to  look  at  the  meaninq  of  DLTAIJ  and 
AASR. 


a.  DLTAIJ  can  be  regarded  as  the  air  traffic  control 
separations  specified  in  7110.65  "Air  Traffic  Control 
Handbook."  This  would  be  based  on  the  fact  that  the  air 
traffic  control  separations  are  called  minimum  separations. 
However,  observed  separations  in  saturation  conditions  do  not 
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lend  much  support  for  this  position  for  VFR  and  IFF  operating 
conditions . 

b.  AASR  can  be  regarded  as  the  air  traffic  control 
separations  specified  in  7110.65  "Air  Traffic  Control 
Handbook."  Observed  data  for  commercial  aircraft  tends  to 
support  this  position.  General  aviation  aircraft  tend  to 
have  smaller  separations.  The  values  of  DLTAIJ  can  then  be 
calculated  from  the  above  equation  relating  AASR  and  DLTAIJ. 

c.  AASR  can  be  regarded  as  the  actual  observed 
separation  over  the  threshold.  The  input  values  of  DLTAIJ 
can  then  be  calculated  from  the  above  equation  relating  AASR 
and  DLTAIJ.  If  data  is  available,  this  is  the  preferred 
approach. 

In  analyzing  observed  time  separations  over  threshold  by 
aircraft  pair  the  user  should  insure  that  only  values  for 
saturated  conditions  are  considered.  Saturation  conditions 
could  be  inferred  if  departure  queues  or  arrival  holding 
patterns  exist,  or  they  can  be  inferred  by  determining  the 
"leading  edge"  of  the  arr ival-arr ival  distribution  collected 
during  the  busy  hours.  The  leading  edge  is  where  the  first 
significant  amount  of  observed  separations  accumulate.  Often 
this  occurs  around  the  35  percentile  value. 

Methods  for  converting  AASR (ij)  values  into  DLTAIJ  (ij)  values 
or  DLTAIJ  (ij)  values  into  AASR (i  j)  values  are  described  in 
Appendix  E. 


1 2 Operating  Conditions 

The  Runway  Capacity  Model  accepts  input  values  for  visibility 
and  -piling.  These  values  determine  whether  the  VFR  or  an 
IFR/PVC  branch  within  a submodel  will  be  used  to  calculate 
capacity.  VFR  tranches  are  used  if  visiblity  and  ceiling  are 
Qqual  to  or  greater  than  1000  feet  and  3 n.mi.,  otherwise 
IFR/PVC  branches  are  used.  It  is  not  enough,  in  general, 
just  to  specify  the  visibility  and  ceiling.  All  input  data 
(DLTAIJ,  TD,  SIGAA,  GAMMA,  etc.)  must  reflect  the  desired 
operating  condition;  e.g.,  visual  or  non-visual  approach  in 
VFR,  visual  or  non-visual  separation  in  IFR,  Terminal  Area 
Control  (TCA)  procedures,  noise  abatement  procedures,  the 
impact  of  limited  airfield  visibility  from  the  control  tower, 
etc. 

Special  PVC  logic  branches  exist  within  a limited  number  of 
submodels.  When  a special  PVC  loqic  branch  does  not  exist, 
the  IFR  logic  branch  is  used  for  all  ceiling  and  visibility 
conditions  less  than  1000  feet  and  3 nautical  miles.  Special 
PVC  branches  exist  within  the  following  models: 


28 


2-14 

2-20 

3-1 

2-16 

2-22 

3-18 

2-17 

2-23 

10-5 

2-18 

2-24 

If  PVC  branches  exist  within  a submodel,  visibility  and 
ceiling  inputs  do  not  determine  whether  the  IFR  or  PVC  branch 
will  be  used.  This  is  determined  by  the  value  of  DLTADA 
(departure-arrival  separation).  If  the  value  of  DLTADA  is 
greater  than  zero  for  the  above  models,  a PVC  branch  will  be 
used.  To  execute  an  IFR  branch  for  the  above  models,  the 
input  value  of  DLTADA  must  be  zero.  If  a special  PVC  branch 
does  not  exist,  the  parameter  DLTADA  can  take  on  any  value 
desired. 


2.3  Input  Format 

The  following  general  instructions  apply  to  preparing  inputs 
to  the  Runway  Capacity  Model: 

a.  Data  entry  requires  two  card  types;  i.e.. 

Header  Card;  e.g..  Runway  1 1 

Data  Card (s) ; e.g.,  0 . 25C . 2SC . 250 . 25 

b.  There  is  no  fixed  sequence  for  groups  of 
header/data  cards. 


L ' * *~ 


c.  Unless  otherwise  noted  on  the  form  by  decimal 
points,  right  justify  all  numbers. 


d.  To  execute  a run,  place  a 1 in  card  column  12  of 
the  header  card  for  the  last  data  group. 


e.  Multiple  runs  can  be  made  with  one  stack  of  cards. 
Place  replacement  header/data  cards  after  the  execute  card 
for  the  first  complete  run.  This  is  illustrated  in  Examples 
1 and  2. 


f.  The  space  between  card  columns  13  and  80  on  all 
header  cards  can  be  used  to  print  explanatory  text  (e.q., 
DENVER  TEST  1 ) . 


g.  Any  six  letter  title  can  be  used  in  card  columns  1- 
6 of  the  header  card. 


h.  On  the  header  card: 


cc 

1-6 

Title 

cc 

8 

Runway  number  when 

appropriate 

cc 

9-10 

Data  type  number 

cc 

12 

Execute  command  (i 

. e . , 1 ) 

cc 

13-80 

Text 

2? 


TERM 
NEW  RUN 


i.  The  coding  form  is  constructed  for  up  to  2 runways, 
^or  3 or  4 runway  systems,  add  additional  RUNWAY,  ARBAR,  and 
EXIPT  cards. 

j.  Runways  that  accommodate  arrival  operations  require 
arrival  runway  occupancy  time  (ARBAR 2)  and  exit  utilization 
(EXIPT)  data,  other  runways  do  not  require  this  data. 

k.  The  following  data  types  are  required  for  all 
runway  models: 

NEWRUN  - 0 APPSPD  - 5 

RUNWAY  - 1 DFBAR  - 6 

ARBAP2  - 2 TD  -7 

EXIPT  - 3 GAMA  - 8 

DLTAIJ  - 4 OTHERS  - 20 


1.  The  following  matrix  defines  data  types  required 
for  some  runway  models: 

DATA  TYPE 


MODEL 

NAME  NUMBER 

OPEN  V 

ADSR 

DICBR 

BDD 

BAA 

TWO  PA 

2 

X 

X 

THPEPA 

3 

X 

X 

FOURPA 

4 

X 

X 

OPENV2 

5 

x 

TWO  IN 

6 

X 

X 

THFEIN 

7 

X 

X 

X 

X 

OPENV3 

10 

X 

X 

X 

OPENV4 

1 1 

X 

X 

X 

TWCINB 

12 

X 

THRTNB 

13 

X 

X 

X 

FOURINB 

14 

X 

X 

X 

X 

X 

FOUR IN 

IS 

X 

X 

X 

X 

m.  An  input  value  of  zero  for  DLTAIJ  means  that  the 
arrival-arrival  separation  is  to  be  determined  by  the  time 
necessary  for  the  lead  arrival  to  clear  the  runway  plus  a 
control  system  butter  plus  velocity  differential. 


A sample  coding  form  with  header  labels  and  decimal  points  is 
shown  in  Figure  2-3.  It  is  recommended  that  a similar  form 
b°  used  to  prepare  card  inputs.  The  definition  cf  terms  used 
in  the  coding  form  are  given  below: 


DEFINITION  OF  TERMS  USED  ON  CODING  FORM 


DEFINITION 

A header  label  used  with  model/strategy  data 
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MODEL 
RTF AT EG Y 
F 

RUNWAY 

APPSPD 

DRBAR 

GAMA 

TGRRAR 

MOD IAS 
ISTR 


- A number  used  to  define  the  model  type;  e.g.,  sinqle 

runway  is  1,  parallel  runway  2,  etc.  Model  numbers  are 
qiven  in  Table  2-1. 

- A number  used  to  define  which  runways  have  arrival, 

departure  or  arrival  and  departure  operations. 

Strateqy  numbers  are  qiven  in  Table  2-1. 

- If  F = 1,  the  model  will  compute  capacity  with  equal 

arrival  and  departure  priorities.  If  F = 0,  the  model 
will  compute  capacity  for  preemptive  arrival  priority. 

- A header  label  used  with  the  mix  of  aircraft. 

- A header  label  used  with  average  qround  speed  over  the 

common  final  approach  path  in  knots. 

- A header  label  used  with  the  departure  runway  occupancy 

time  in  seconds. 

- A header  label  used  with  the  length  of  common  final 

approach  path  in  n.mi. 

- A header  label  used  with  touch-and-qo  runway  occupancy 

time  in  seconds,  only  needed  if  the  percent  of  touch- 
and-qo  operations  (POTG)  is  greater  than  zero. 

- A header  label  used  when  calculating  the  sensitivity  of 

capacity  to  arrival-arrival  separation.  The 
header/data  cards  can  be  ommitted  if  the  information  is 
not  required. 

-If  ISTR  =0,  the  model  calculates  capacity  for 
preemptive  arrival  priority. 

If  ISTR  = 1,  the  model  will  calculate  capacity  with  a 
value  of  DLTAIJ  selected  by  the  model  to  allow  a 
departure  to  be  inserted  between  each  arrival  pair. 

If  ISTR  = 2,  the  model  will  calculate  capacity  at  the 
inputted  values  of  DLTAIJ  plus  the  capacity  at  seven 
preselected  increments  of  arrival-arrival  separation  up 
to  the  value  of  MAXD. 

If  ISTR  = 3,  the  model  will  calculate  capacity  for  the 
inputted  values  of  CLTATJ  plus  the  capacity  at  a series 
of  incrementally  increased  values  of  DLTAIJ  up  to  the 
value  of  MAXD. 

If  ISTR  = 4,  the  model  will  calculate  capacity  for  the 
inputted  values  of  DLTAIJ  plus  all  possible 
combinations  of  DLTAIJ  values  up  to  MAXD. 


If  ISTR  = 5,  the  model  will  calculate  capacity  for 
ISTRATEGY  = 1 and  2. 


If  ISTR  = f>,  the  model  will  calculate  capacity  for 
ISTRATEGY  = 1 and  3. 


If  PRINT  = 0,  all  capacity  values  resulting  from  the 
runs  will  be  printed. 


If  PRINT  = 1,  the  maximum  capacity  value  resulting  from 
the  runs  will  be  printed. 

The  increment  by  which  you  want  to  vary  DLTAIJ  in  ISTR 
3,  4 and  6. 


The  largest  value  of  DLTAIJ  to  be  considered  in  the 
capacity  computations. 


MAXC 


A header  label  used  with  the  minimum  separation  between 
two  arrival  aircraft  in  n.mi. 


DLTAIJ 


A heade.r  label  used  with  the  required  separation  between 
a pair  of  departures  in  seconds. 


A header  label  used  with  the  buffer  between  a pair 
simultaneous  arrivals  on  parallel  runways  in  seconds 


A header  label  used  with  miscellaneous  data 


OTHERS 


The  standard  deviation  of  arrival  runway  occupancy  time 


STGAR 


The  standard  deviation  of  arrival-arrival  separation  in 
seconds. 


SIGAA 


The  statistical  probability  of  violation  of  the  minimum 
air  traffic  control  rules. 


he  standard  deviation  of  departure  runway  occupancy 
time  in  seconds. 


SIGCR 


The  standard  deviation  of  cleared  to  roll  time 


SIGAC 


The  departure-arrival  separation  in  nautical  miles  for 
all  runway  use  configurations  except  two  intersecting 
runways. 


DLTADA 


Visibility  at  the  arrival  threshold  in  nautical  miles 


CEILING 


Glide  slope  angle  in  deqrees 
greater  than  1 degree. ) 


(Must  be  equal  to  or 


POTG 

SIGTGS 

OPENV 

ANGLE 

OPENVX 


STWOIN 

X 

Y 

SIGAI 

SIGDI 

ADSP 

DICBR 

ARBAR2 

EXIPT 

BDD 


- Percent  of  touch-and-qo  operations.  Only  appliable  to 

single  and  two  parallel  runways  in  VFR. 

- The  standard  deviation  of  touch-and-qo  time  in  seconds. 

- The  header  label  used  with  open  V data. 

- The  angle  between  nonparallel  runways  in  degrees . 

- The  distance  between: 

The  centerline  of  Runway  1 and  the  threshold  of  Runway 

2 for  models  5 and  12. 

The  centerline  of  Runway  1 and  the  threshold  of  Runway 

3 for  models  10  and  13. 

The  centerline  of  Runway  1 and  the  threshold  of  Runway 

4 for  models  11  and  14. 

- The  header  label  used  with  data  for  two  intersecting 

runways  when  MODIAS  is  used. 

- The  distance  in  feet  from  arrival  threshold  to 

intersection. 

- The  distance  in  feet  from  departure  roll  to  intersec- 

tion. 

- The  standard  deviation  of  ADSR  values. 

- The  standard  deviation  of  DICBR  values. 

- The  header  label  used  with  the  arrival-departure  separa- 

tion on  two  intersecting  runways;  i.e.,  arrival  inter- 
section clearance  time  in  seconds. 

- The  header  label  used  with  the  departure-arrival 

separation  in  nautical  miles  for  two  intersecting 
runways. 

- The  header  label  used  with  the  arrival  runway  occupancy 

time  in  seconds.  ARBAR2  data  is  only  needed  for 
runways  serving  arrivals. 

- The  header  label  used  with  the  probability  of  using 

arrival  exit.  EXIPT  data  is  only  needed  for  runways 
servinq  arrivals. 

- The  header  lahel  used  with  the  buffer  between 

simultaneous  departures  on  close  parallel  runways  in 
seconds. 
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1 A 
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- The  header  label  used  with  the  buffer  between 

simultaneous  arrivals  on  close  parallel  runways  in 
seconds. 
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EX  11  - Exit  1 through  Exit  11  for  the  designated  runway  in 

cc  8 of  EXTPT. 


2 . 4 Output 

The  basic  output  of  the  Runway  Capacity  Model  is  the  total 
capacity  per  hour  for  a specified  percent  arrival.  This 
capacity  is  without  regard  to  delay  considerations. 

The  model  output  provides  information  on  the  manner  in  which 
the  desired  percent  arrivals  are  obtained.  For  example,  if 
the  output  states:  "TO  OBTAIN  50*  ARRIVAL,  AVAILABLE 

DEPARTURE  CAPACITY  IS  REDUCED  BY  30  OPERATIONS/HOUR.",  the 
runway  use  conf iquration  has  more  departure  capcity  than  is 
required  by  the  specified  percent  arrivals.  The  number  of 
reduced  departures  can  be  added  to  the  departure  capacity  at 
the  specified  percent  arrival  to  determine  the  maximum  number 
of  departures  possible.  If,  however,  the  output  states:  "TO 

OBTAIN  50 i ARRIVAL,  GAPS  IN  THE  ARRIVAL  STREAM  MUST  EXIST 
DURING  30  PERCFNT  OF  THE  HOUR.",  it  is  very  difficult  to  get 
off  the  required  numbered  departures  in  this  runway  use 
configuration.  Arrivals  will  have  to  be  spaced  out  farther 
or  gaps  created. 

The  model  output  provides  a listing  of  inputs  with  each  run. 
This  provides  a convenient  method  of  debuqginq  inputs  and  a 
permanent  record  of  inputs.  For  multiple  runs  with  a single 
deck,  the  model  will  list  the  complete  set  of  inputs  for  the 
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first  capacity  followed  by  the  capacity,  then  the  first  set 
of  input  value  replacements  followed  by  the  capacity,  then 
more  replacement  values  followed  by  their  capacity,  etc., 
until  all  cards  have  been  read. 

NOTE:  To  compute  hourly  delay,  Fiqure  2-68  in  reference  b 

can  be  used.  The  procedure  for  computing  hourly  delay  is 
explained  in  paragraphs  27  and  28  of  this  report.  However, 
the  delay  factors  ADF  and  DDF  should  be  calculated  us  inn 
Appendix  D. 


2 . 5 Data  Input  Modes 

It  is  possible  to  use  the  Runway  Capacity  Model  in  two  inpu^- 
modes;  i.e., 

o Remote  Job  Entry  (RJE)  via  cards 

o From  a teletype  terminal  using  stored  files 

Remote  job  entry  requires  that  all  data  be  punched  on  IBM 
cards  and  be  processed  by  a card  reader.  Job  cards  are 
required  to  load  the  capacity  model  and  to  identify  the  user 
for  billing  purposes.  Model  output,  is  printed  on  a remote 
printer. 

In  the  teletype  terminal  mode  the  user  can  construct  input 
files  and  call  for  model  executions  directly  from  his  work 
area.  The  input  format  is  exactly  the  same  as  with  cards. 

To  call  for  an  execution,  a series  of  computer  instructions 
are  entered  at  the  teletype  terminal.  These  instructions  can 
themselves  be  stored  in  the  computer  and  called  for  by  a 
Command  File  or  CLTST. 

The  FAA  has  established  command  files  on  TYMSHARE  and  McAuto 
for  operation  of  the  Runway  Capacity  Model  from  a teletype 
terminal.  To  use  this  command  file  requires  that  the  input 
data  be  placed  in  a temporary  file  named  BATCH. SUB  and  that 
the  command  EX  TER  be  entered.  This  will  result  in  a 
complete  execution  of  the  Runway  Capacity  Model.  After 
execution,  the  input  file  BATCH. SUB  can  be  renamed  and 
permanently  stored,  or  edited  and  reexecut^d. 

As  an  option,  the  On-line  Runway  Capacity  Model  discussed  in 
Chapter  3 can  be  used  to  quickly  construct  the  bulk  of  the 
input  data  required  for  a complete  batch  run.  The  procedure 
is : 

a)  rename  the  temporary  file  (OUTPUT. DATA 
on  TYMSHARE  or  INPUT. DATA  on  McAuto) 
created  by  the  On-line  Runway  Capacity 
Model  as  BATCH. SUB; 
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b)  edit  this  file  as  appropriate; 

c)  enter  the  command  EX  TER. 


2.6  Examples 

The  following  examples  illustrate  the  use  of  Runway  Capacity 
Model  Version  5. 

Example  _1 

Compute  the  saturation  hourly  capacity  of  a single  runway 
general  aviation  airport  for  30,  50  and  70%  arrivals  in  VFR 
operating  conditions.  The  aircraft  mix  consists  of  85%A  and 
15TB  aircraft.  Touch-and-go  operations  account  for  2°%  of 
the  airport  operations.  Assume  typical  values  for  all  other 
parameters;  i.e.,  values  used  to  generate  Figure  2-3  of 
reference  b. 

From  Table  2-1,  the  runway  use  configuration  is  identified  as 
.Model  1-3.  Figure  2-4  shows  the  coding  form  for  the  Runway 
Capacity  Model  with  input  data  filled  in.  From  the  computer 
output  shown  in  Fiaure  2-5,  the  saturation  hourly  capacities 
are:  ties  are: 


PERCENT 

SATURATION 

ARRIVAL 

CAPACITY 

30 

127.  6 

operat ions/hour 

50 

113.8 

operation s/hour 

70 

102.7 

operat ions/hour 

Example  2 

Compute  the  saturation  hourly  capacity  of  the  runway  use 
configuration  shown  below  for  50%  arrivals  in  IFR  operating 
conditions. 
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Also,  compute  the  saturation  hourly  capacity  without  regard 
to  percent  arrival.  The  aircraft  mix  consists  of  3%A,  7%B, 
70 %C  and  20%D  aircraft.  There  are  no  touch-and-go 
operations.  Standard  exits  are  located  at  1500*,  3000', 
4000',  5500',  7000' , and  10000'  from  threshold  for  both 
runways  1 and  2.  Assume  typical  values  for  all  other 
parameters. 


A table  for  estimating  arrival  runway  occupancy  time  {i.e.f 
ARI3AR2)  is  shown  in  Table  2-2.  A table  for  estimating  exit 
utilization  (i.e.,  FXIPT)  is  shown  in  Table  2-3.  From  these 


es,  the 

followina 

results: 

EXIT 

ARBAR2 

EXIPT 

LOCATION 

A 

B 

C 

D 

A 

B 

C 

D 

150  0 

29 

27 

29 

34 

45 

- 

- 

- 

3000 

44 

37 

29 

34 

55 

38 

- 

- 

4000 

- 

46 

38 

38 

- 

59 

8 

- 

55C  0 

- 

60 

51 

51 

- 

2 

62 

40 

7000 

- 

75 

65 

65 

- 

- 

30 

58 

10000 

- 

75 

85 

85 

- 

- 

- 

2 

From  Table  2-1,  the  runway  use  conf iguration  is  identified  as 
Model  14-1.  From  the  computer  output  shown  in  Figure  2-6, 
the  saturation  hourly  capacities  are: 

a)  50%  arrival 

Arrivals  = 32.7 
Departures  = 32.7 
Total  65.4 

b)  Capacity  without  to  percent  arrival 

Arrivals  = 32.7 
Departures  = 50 . 9 
Total  9 3.6 

NOTE;  18. 2 more  iepartures  are  possible  but  are  not  required 
for  50%  arrivals. 

Example  3 


Compute  the  saturation  hourly  capacity  of  the  intersecting 
runway  configuration  shown  below  for  50%  arrivals  in  IFR 
operating  conditions. 


The  aircraft  mix  consists  of  60%c  and  40%D  aircraft.  There 
are  no  touch-and-qo  operations.  Assume  that  arrival  and 
departure  operations  have  equal  priority  for  use  of  the 
runway,  all  arrivals  can  operate  at  a minimum  separation 
(DLTAIJ)  of  2 nautical  miles,  and  that  all  departure- 
departure  separations  are  60  seconds.  High-speed  exits  are 
located  at  3000',  4000’,  5000',  6000',  7000'  and  9000'  from 
the  threshold  of  runway  number  1.  Assume  typical  values  for 
all  other  parameters. 

A table  for  estimating  ADSR  is  shown  in  Table  2-4.  A table 
for  estimating  EICBR  is  shown  in  Table  2-5.  From  these 
tables,  the  following  result: 


ADSR  (seconds)  5.0 

DICBR  (n.mi.)  1.0 


From  Table  2-1,  the  runway  use  configuration  is  identified  as 
Model  6-2.  From  the  computer  output  shown  in  Figure  2-7,  the 
saturation  hourly  capacity  is  determined  to  be  95.7 
operations  per  hour. 


MODEL  1 


MODEL  3 


MODEL  2 


MODEL  5 


MODEL  4 


MODEL  6 


MODEL  7 


MODEL  11 


MODEL  10 


MODEL  12 


MODEL  13 


MODEL  14 


MODEL  15 


Figure  2 • 1 

RUNWAY  USE  CONFIGURATION  GEOMETRICS 


BATCH  CAPACITY  MODEL 


PUNWAY  CAPACITY 
MODEL 


TAXIWAY  CAPACITY 
MODEL 


GATE  CAPACITY 
MODEL 


GEOMETRY 

MODELS 


STRATEGY 

SUBMODEL. 


OPERATING 

CONDITION 

BRANCHES 


FIGURE  2-2 


BATCH  CAPACITY  MODEL  NOMENCLATURE 
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CODING  FORM  FOR  EXAMPLE  1 


CODING  FORM  FOR  EXAMPLE  1 

FORM  FOX  SAICH  CAPACITY  MOTEL  VERSION  5 FIGURE  2-4 


COMPUTER  RUN  FOR  EXAMPLE  1 


FIGURE  2-5 


GA  AIRPORT 


KEW’RUN  0 0 0 CARL  T RAI.L,  ARD-410 

1 3 0 

RUNWAY  110  GA  AIRPORT 

0. 050. 150.0  0.0 
ARI.AR2  1 2 0 

32.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

40.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  O.o  0 . o 0.0 

31.0  0.0  0.0  0.0  0.0  0.6  0.0  0.0  0.0  o.o  O.o 

33.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

ENITPT  1 3 0 

1.00C.0  0.0  0.0  0.0  0.0  0.0  0.0  O.o  0.0  o.o 

1.000.0  0.0  0.0  O.o  0.0  O.o  0.0  0.0  O.o  O.o 

1.000.0  0.0  O.r  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

1.000.0  o.o  0.0  0.0  n.O  0.0  0.0  0.0  O.a  O.o 

DLYAIJ  O /•  0 

0.0  0.0  2.0  2.5  0.0  0.0  0.3  2.5  2.5  3.1  3.0 
APPSPD  050 
00  100  130  1 /i  0 

DREAR  000  AVERAGE  INPUTS  f 

24  20  30  30 

TD  0 7 0 

25  30  40  5°  30  40  «5  5"  45  45  55 

EiIlA  0 3 0 

110  6 
TURUAR  000 
23.022.027  027  ° 

CTEERS  0 2 o 1 

0.0  0.0.040  5 0 0.0  5.02500  3.00.20  7. 


3.1  3.0  3.1  3.4  4.3  4.0  4.1 


AVEPJY3E  INPUTS  0 


120  12' 


TORE \R 

",3  n ^ o 


5.02500  3.00.20  7.  30 


SINGLE  RUNWAY  NIXED  OPERATIONS  WITH  0’  5 G 
.TO!  CAPACITY  PROGRAM,  VERSION  5 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


00O00f>1  0 


AOOaoaoa 


0OA aai o 0 


0OOOO1 so 


aaoaoiaa 


0OA  A A 1 A 


AO  AAA  •)  1 A 


aooaa-via 


0 Af\0  A*)")  A 


TOTAL  = 127.0  ARRIVAL 


3 2.3  DEPARTURE  = 3° . 3 


OVFEP.P  ^20  1 
5.  a 0.0.040 


'.r  0.0.040  5 0 0.0  5.03500  3.00.20  7. 

SINGLE  RUNWAY  MIMED  OPERATIONS  WITH  T 5 G 

■i.'TCH  CAPACITY  PROGRAM , VERSION  5 


O AO  A A 250 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 112.0  ARRIVAL  =*  50.0  DPPARTURF  = 


T* 


evil’ll  020  1 

'i.1  0.n.049  5 0 0.0  3.00500  3.00.20  7.  70 

single  ruuv.'av  mixf.u  operations  witu  t o g 

b..vu:  CAPACITY  PROGRAM,  VERSION  5 

***  AIRFIELD  HOURLY  RUMT3AY  CAP/'CI'l  Y *** 

TOTAL  = 1"7.7  ARRIVAL  = 71.°  DEPARTURE 


COMPUTER  RUN  FOR  EXAMPLE  1 
FIGURE  2-5  (Cont.) 
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COMPUTER  RUE  FOR  EXAMPLE  2 
FIGURE  2-C 


NEWRUN  0 0 0 
14  1 0 

RUNWAY  1 1 0 
0.030.070.700.20 
RUIJV/AY  2 1 0 
0.030.070.700.20 
RUNWAY  3 1 0 
C. 030. 070. 700. 20 
RUNWAY  4 1 0 
0.030.070.700.20 
AEBAR2  1 2 0 

29. 04 4. 055. 07 0.57 6. 07G.0  0.0  0.0  0.0  0.0  0.0 
27. 037. 04 G. 060. 57 5. 07 5.0  0.0  0.0  0.0  0.0  0.0 

29.029.038.051.565.085.0  0.0  0.0  0.0  0.0  0.0 

34.034.038.051.565.085.0  0.0  0.0  0.0  0.0  0.0 
ARBAR2  2 2 0 

29.044.055.070.57G.07C.O  0.0  0.0  0.0  0.0  0.0 
27. 037. 04G.0G0. 5/5.075. 0 0.0  0.0  0.0  0.0  0.0 

20. 020. 033. 051. 565. 085.0  0.0  0.0  0.0  0.0  0.8 
34. 03«. 030. 051. 565. 085.0  0.0  0.0  O.o  0.0  O.o 
EXITPT  1 3 0 

0.450.550.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

0.0  0.380.590.020.0  0.0  0.0  0.0  0.0  O.o  0.0 

0.0  0.0  0.080.620.300.0  0.0  0.0  0.0  0.0  0.0 

0.0  0.0  0.0  0.400.580.020.0  0.0  0.0  0.0  0.0 

EXITPT  230 

0.450.550.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

0.0  0.330. 500. 020.0  0.0  0.0  0.0  0.0  0 . 8 0.0 

0.0  0.0  0.030.620.300.0  0.0  0.0  0.0  0.0  0.0 

0.0  0.0  0.0  0.400.580.020.0  0.0  0.0  0.0  0.0 

DLTAIJ  040 

2.3  2.1  2.3  2.5  2.3  2.1  2.3  2.5  3.8  3.6  2.3  2.3  5.8  5.6  u . r 3.5 
APP5PD  050 
95  120  130  140 
DREAR  060 
29  34  39  39 

TD  0 7 0 

50  50  60  60  55  55  60  60  60  60  60  60  120  120  120  n 0 

GAMA  080 

6 G 6 6 

TGRBAR  090 

23.022.027.027.0 
OTHERS  020  0 

6.015.0.040  3 0 0.0  2.5  800  3.00.0  7.  50 

MOD IAS  023  0 

0 0 0.0  0.0 

EDD  022  0 

0.0  0.0  0.025.0  0.0  0.0  0.020.0  0.0  0.0  0.010. 025. 020. 010.0  0.8 
BAA  024  1 

0.0  0.0  0.025.0  0.0  0.0  0.020.0  0.0  3.0  0.010.025.020.010.0  0.0 
FOUR  INTER  EFYOND,  AWAY,  ARR  CN  '*1  , <2,  DEP  ON  J13,  ft 4 

BATCH  CAPACITY  PROGRAM,  VERSION  5 

TO  OBTAIN  50  PERCENT  ARR,  AVAILABLE  DEPARTURES  CAPACITY  IS  RPD1 CED  PY 
OPERATIONS  PER  HOUR 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 

50 


o 

nnAnno 

Ononnn^ 

oooonP7o 

onnnPPnrN 
Op^pp i i o 

ooopo  -j  r p 

000007*10 

oorooor 0 


O OO  o 0 *>  1 0 
Aoooooon 
nnnnooco 
OPPP0770 
00000700 
OPOoo/'  1 o 
OOpoo/100 
oon^nn^n 
noPoo^o 
OOOPOftr*0 

13.  r> 


TOTAL  = 65.4  ARRIVAL  = 32.7  DEPARTURE  = 32.7 


OTHERS  020  1 

6.015.0.040  8 0 0.0  2.5  800  3.00.0  7.9999 

FOUR  INTER  BEYOND,  AWAY,  ARR  ON  #1 , #2,  DEP  ON  *3,  #4 


00000^19 


BATCH  CAPACITY  PROGRAM,  VERSION  5 

ARRIVALS  1ST  PRIORITY  6 DEPARTURES  2ND  PRIORITY  WITHOUT  REGARD  TO  PERCENTAGE 
ARRIVALS 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 83.6  ARRIVAL  = 32.7  DEPARTURE  = 50.9 


FIGURE  2-6  (Cont.) 


mewrun'o  0 0 
6 2 1 
RUNWAY  1 1 0 
0.0  0.0  0.600.40 
RUNWAY  2 1 0 
C.C  0.0  0. COO. 40 
AREAR2  1 2 0 


4 3. 043. 043. 043. OU 3. 04 3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

32.041.049.049.049.049.0 

0.0 

0.0 

0.0 

0.0 

0.0 

35. 035. 044. 054. 06 3. 06 3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

35.035.044.054.063.063. 0 

0.0 

0.0 

0.0 

0.0 

0.0 

EXITPT  1 .3  0 

1.000.0  0.0  0.0  0.0  0.0  0.0  0.0 
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BITCH  CAPACITY  PROGRAM,  VERSION  5 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 90.1  ARRIVAL  = 45.1  DEPARTURE  = 45.1 


COMPUTER  P.UI!  FOR  EXAMPLE  3 
FIGURE  2-7 
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Reparation:  Model  Logic  Summary 

Model  Operation  Per 


No. 

Runway 

VFR 

IFR 

1 

Single  Runway 

1-  1 

A 

Prime  Equation 

Prime  Equation 

1-2 

D 

Prime  Equation 

Prime  Equation 

1-3 

B 

Prime  Equation 

Prime  Equation 

2 

Two  Parallel  Runways 

2-1 

F:  A,  A 

0-1)  MI-1) 

(1-1)  + (1-1) 

2-2 

F:  A,D 

(1-D  MI-2) 

(1-1)  + (1-2) 

2-3 

F:  D,  D 

(1-2) ♦ ( 1- 2) 

(1-2) ♦ (1-2) 

2-4 

F:  B,  A 

(1-3)  MI-1) 

(1-3)  + (1-1) 

2-5 

F:  BrD 

(1-3) + (1-2) 

(1-3)  + (1-2) 

2-6 

F:B,B 

(1-3)  MI-3) 

(1-3)  + (1-3) 

2-7 

M:  A , A 

(1-1)  MI-1) 

Prime  Equation 

2-8 

M:  A,  D 

(1-D  ♦ (1-2) 

(1-D  * (1-2) 

2-9 

M:D,D 

(1-2)  ♦ (1-2) 

(1-2)  + (1-2) 

2-10 

M:  B,A 

(1-3)  MI-1) 

Prime  Equation 

2-11 

M : B , D 

(1-3)  MI-2) 

(1-3)  ♦ (1-2) 

2-12 

M:  B#B 

(1-3)  ♦ (1-3) 

Prime  Equation 

2-13 

N:  A,  A 

(1-D  ♦ (1-D 

Prime  (same  as  2 

Equation 

2-14 

N : A , D 

(1-1)  MI-2) 

(1-1)  + (1-2) 

2-15 

N:D,n 

(1-2) ♦ (1-2) 

Prime  Equation 

2-16 

N:  B,  A 

(1-3)  ♦ (1-1) 

(1-3) + (1-1) 

2-17 

N:  Bf  D 

(1-3)  ♦ (1-2) 

(1-1)  ♦ (1-2) 

2-  18 

N:B,B 

(1-3)  ♦ (1-3) 

Prime  Equation 

2-19 

C:A,A 

Prime  Equation 

(1-D 

2-2  0 

C:A,D 

(1-D  ♦ (1-2) 

(1-1)  + (1-2) 

2-21 

C:  D,D 

Prime  Equation 

(1-2) 

2-22 

C:  B,  A 

Prime  Equation 

(1-1)  + (1-2) 

2-23 

C:  B,  D 

Prime  Equation 

d-1)  ♦ (1-2) 

2-24 

C:  B,  B 

Prime  Equation 

(1-1) ♦ (1-2) 

BEFORE  COLON 

AFTER 

COLON 

(operations  by  runway  numbers) 
C -=  700  to  2499  ft.  A = Arrival  only 

N - 2500  to  3499  ft.  D = Departure  only 

M = 3500  to  4299  ft.  B = Both  arrivals  and 

F = 4300  ft.  or  more  departures 


TABLE  2-1 

RUNWAY  CAPACITY  MODELS 
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Model  Logic  Summary 


Separation : 


Model 

Operation  Per 

MO. 

Runway 

VFR 

IFR 

3 

Three  Parallel: 

Runway  1-2  are  close  parallels. 

3-1 

C 

B,B,E 

Prime  Equation 

(2-18) 

3-2 

N 

B,B,B 

(2-24) + (1-3) 

(1-2)  ♦ (2-10) 

3-  3 

F 

R,B,  B 

(2-24) + (1-3) 

(1-1)  MI-2)  MI-3) 

3-4 

C 

A,  C,  B 

(1-1)  ^ (2-2  3) 

(1-2)  + (2-7) 

3-5 

N 

A » D,  R 

(1-1) ♦ (1-2) * (1-3) 

(1-2)  ♦ (2-7) 

3-6 

F 

A,  D,  B 

(1-D  ♦ d-2)  MM) 

(1—1)  (1  — 2)  ♦(1  — 3) 

3-7 

N 

B,E,A 

(2-24)  ♦ (1-1) 

(1-2)  ♦ (2-7) 

3-8 

F 

B,  B,  A 

(2-24) + (1-1) 

(1-1)  MI-2)  MI-1) 

3-8 

N 

A,  B,  B 

(2-22)  + (1-3) 

(1-2)  + (2-7) 

3-  1-n 

F 

A,  B,  B 

(2-22)  + (1-3) 

(1-1)  + (1-2)  + (1-3) 

3-1  1 

M 

B,  A,  D 

(2-22) * (1-2) 

(1-2)  + (1-  1)  * ( 1-2) 

3-  1 2 

F 

B,  A,  D 

(2-22)  + (1-2) 

(1-2)  ♦ (1-1)  + (1-2) 

3-  1 3 

M 

D,  A,  B 

(1-2) + (1-1)  ♦(1-3) 

(1-2)  ♦ (2-10) 

3-14 

F 

D,  A,  B 

(1-2)  MI-1)  MI-3) 

(1-2)  + (1~1)  + (1-3) 

3-15 

M 

A,D,  A 

(1-  1)  + (1-2)  + (1-1) 

(1-1) ♦ (1-2) ♦ (1-1) 

3-16 

F 

A,D,  A 

(1-1)  + (1-2)  MI-1) 

(1-1)  ♦ (1-2)  + (1-1) 

3-17 

C 

A,  D,  A 

(1-1)  + (1-2)  + (1-1) 

(1-2) ♦ (2-7) 

3-  1 8 

c 

D,  A,  8 

(1-2)  ♦ (2-22) 

(1-1)  ♦ (2-15) 

3-19 

c 

B,A,C 

(1-2) + (2-22) 

(1-1)  ♦ (2-15) 

3-20 

c 

A , B,  B 

Prime  Equation 

(1-2)  ♦ (2-7) 

3-2  1 

c 

B,  B,  A 

Prime  Equation 

(1-2)  ♦ (2-7) 

3-22 

c 

A , D,  D 

(1-1)  ♦ (2-21) 

VFR  only 

3-23 

M 

A,D,  D 

(1-1)  ♦ (1-2)  ♦ (1-2) 

VFR  only 

3-24 

F 

A,DrD 

(1-1)  + (1-2) + (1-2) 

(1-1)  + (1-2)  + (1-2) 

3-25 

C 

D,  A,  D 

(1-2)  M 1-  1 ) M 1 “2 ) 

(1-1)+  (2-15) 

3-26 

M 

D,  A,  D 

(1-2)  ♦ (1-1)  ♦ (1-2) 

(1-2)  + (1-1)+  (1-2) 

3-27 

F 

D,A,  D 

(1-2) + (1-1) ♦ (1-2) 

(1-2)  + (1-1)  +(1-2) 

3-2  8 

C 

D,n,  D 

Prime  Fguation 

(2-15) 

3-29 

M 

D,D,D 

(2-21)  ♦ (1-2) 

(1-2)  ♦ (1-2) 

TABLE  2-1  (Cont.) 
RUNWAY  CAPACITY  MODELS 
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Separation  Model  Loqic  Summary 

Model  Operation  Per 


No. 

Runway 

VFR 

IFR 

4 

Four  Parallel 

: Runway  1-2  6 3-4  are 

close  parallels. 

4-1 

M:  D, A, D, A 

(1-2)  ♦ (1-1)  ♦ (1—2)  ♦ (1-  1) 

(1-2)  + (1-1)  ♦ (1-2)  ♦ (1-1) 

4-2 

F:D,A,D,A 

( 1-2)  ♦ (1-1)  MI-2)  MI-1) 

(1-2)  ♦ (1-1)  ♦ (1-2)  ♦ (1-1) 

4-3 

M:  A,D,D,A 

(1-1)  ♦ (1-2)  + (1-2)  ♦ (1-1) 

(1-1)  ♦ (1-2)  + (1-2)  ♦ (1-1) 

4-4 

F:  A,  D,  D,  A 

<1-  1)  ♦ (1-2)  ♦<1-2)t(1-1) 

(1-1)  + (1-2)  + (1-2)  +(1-1) 

4-5 

m:A,d,d,b 

(1-1)  MI-2)  ♦ (2-23) 

(1-1)  + (1-2)  + (1-2)  + (1-1) 

4-6 

F: A, D, D,E 

(1-1)  ♦ (1-2)  ♦ (2-23) 

(1-1)  ♦ (1-2)  ♦ (1-2)  ♦ (1-  1) 

4-7 

M:D,A,D,B 

(1-2)+  (1-1)  ♦ (2-23) 

(1  — 2)  ♦ (1—1)  ♦ (1  — 2)  ♦ (1—  1) 

4-8 

F: D,A, D,B 

(1-2)  + (1-1)  ♦ (2-23) 

(1-2)  + (1-1)  + (1-2)  + (1-1) 

4-9 

M : E , A , A , D 

(2-22)  +(1-1)  + (1-2) 

(1-2)  + (2-7)  +(1-2) 

4-10 

F:B,A,A,D 

(2-22)  +(1-1)  +(1-2) 

(1-2)  + (1-  1)  + (1-1)  + (1-2) 

4-  1 1 

M: R,A, D,A 

(2-22)  + (1-2)  ♦ (1-1) 

(1-2)  + (1-1)  + (1-2)  + (1-1) 

4-  1 2 

F:B,A,D,A 

(2-22) ♦ (1-2)  + (1-1) 

(1-2)  + (1-1)  + (1-2)  +(1-1) 

4-1  3 

M:B,B,A,D 

(2-24)  +(1-1)  +(1-2) 

(1-1)  + (1—2)  ♦ (1  — 1)  + (1-2) 

4-  14 

F: B,B, A, D 

(2-24)  + (1-1)  ♦ (1-2) 

(1“1)  + (1-2)  + (1-1)  + (1-2) 

4-15 

M: 13,  A, D, B 

(2-22) + (2-23) 

(1-2)+  ( 1-  1)  + ( 1-2)  +(1-1) 

4-16 

F:B,A,D,E 

(2-22)  ♦ (2-23) 

(1-2)  + (1-1)  + (1-2)  ♦ (1-1) 

4-17 

M:R,B,A,B 

(2-24)  + (2-22) 

(1-1)  +(1-2)  ♦ (1-1)  ♦ (1-2) 

4-18 

F:B,B, A,B 

(2-24)  + (2-22) 

(1~1)  + (1-2)  + (1-1)  + (1-2) 

4-19 

B,  B 

(2-24)  + (2-24) 

(1-  1)  + (1-2)  ♦ (1-1)  ♦ (1-2) 

4-2  0 

F:B,B,B,R 

(2-24) ♦ (2-24) 

(1-1)  + (1-2)  ♦ (1-  1)  + (1-2) 

4-21 

M/F : D, A, D, D 

(1-2)  + (1-1)  + (2-21) 

(1-2)  + (1-1) + (2-21) 

4-2  2 

M/F: A,D,D,D 

(1-1)+  (1-2)  ♦ (2-21) 

(1-1)+  (1-2)  ♦ (2-21) 

4-23 

M/F: D, A,A,D 

(1-2)  + (1-1) ♦ (1-1)  + (1-2) 

(1-2)  + (1-1)  * (1-  1)  + (1-2) 

4-24 

M/F:D,  D,D,D 

(2-21)  ♦ (2-21) 

(1-2)  + (1-2) 

TAELE  2-1  (Cont.) 


RUNWAY  CAPACITY  MODELS 


Model 

NO. 

Separation: 
Ooeration  Per 
Runway 

Model  Logic 
VFR 

Summary 

IFR 

5 

5-  1 

Two  Open  V 
D:  D,  D 

(1-2)  ♦ (1-2) 

(1-2)  ♦ (1-2)  if  A 

5-2 

D:  A,  C 

(1—1)  ♦ (1—2) 

(2-15)  not  A 
(1-1)  MI-2) 

5-3 

D:  B,  D 

(1-3)  ♦ ( 1- 2) 

(1-3)  ♦ (1-2)  if  A 

5-4 

C:A,  D 

(1-1)  ♦ (1-2) 

( 1-  1)  + (1-2)  not  A 
d-1)  ♦ d-2) 

5-5 

C:B,A 

(1-3)  MI-1) 

(1-2)  * (1-1) 

6 

5-1 

Intersecting 
: A,  D 

Prime  Equation 

Prime  Equation 

6-2 

: B,D 

Max  (6-2,  1-3) 

Max  (6-2,  1-3) 

7 

Three  Intersecting:  1 S 2 are  parallel. 

7-1 

C:  A , D,  D 

(1-1)  + (1-2) 

(1-1)  ♦ (1-2) 

7-2 

M : A , D , D 

(1-1)  *(1-2) 

( 1-  1)  ♦ (1-2) 

7-3 

C:  B, B, D 

(2-24) 

(1-1)  «•  (1-2) 

7-4 

M:B,B,D 

(1-3)  + (1-3) 

(2-12) 

10 

Three  Open  V: 

162  are  close 

parallel. 

10-  1 

D: B, A, D 

(2-22)  + (1-2) 

(1-2) ♦ (1-1) ♦ (1-2)  if  A 
(2-15)  ♦ (1-1)  not  A 

10-2 

D : B , B , D 

(2-24) ♦ (1-2) 

(1-2)  ♦ (1-1)  ♦ (1-2)  if  A 
(2-15)  t ( 1-1)  no4-  A 

10-3 

C: B, D, A 

(2-23)  ♦ (1-1) 

(1-1)  ♦ (1-2) 

10-4 

C: B, B, A 

(2-24) > (1-1) 

(1-1)  ♦ (1-2) 

10-5 

D:  D, A, C 

(2-20 ) t (1-2) 

(2-20) ♦ (1-2)  if  A 
(1-1)  ♦ (2-15)  not  A 

For  models  5,  10,  11,  12,  13  and  14 


a)  Before  colon 

D = Diverqinq 
C = Converging 

fc)  A 

Condition  A exits  if  any  of  ^he  following 
are  true: 

(1)  Anqle — 30  degrees 

(2)  15--angle--30  and  separation--20Q0  ft. 

(3)  Angle-- 15  and  separation-- 3 500  ft. 


' T 
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Model 

No. 

Separation: 
Operation  Per 
Runway 

Model  Logic 
VFP 

Summary 

IFR 

11 

Four  Open  V:  1 & 

2 and  364  are  close  parallel. 

11-1 

D: A, A, D, D 

(2-19)  ♦ (2-21) 

(1-1)  ♦ (1-2) 

11-2 

D:  B, B, D,  B 

(2-24) ♦ (2-21) 

(1- 1)  ♦ (1-2)  ♦ ( 1-2)  if 

A 

11-3 

C:A,A,D,D 

(2-19) ♦ (2-21) 

(1-1) ♦ (2-15)  not  A 
(1-1)t  (1-2) 

11-4 

C:  B , B, D, C 

(2-19) ♦ (2-21) 

(1-1)  *(1-2) 

12 

12-1 

Two  Intersecting 
D:A,D 

Beyond  Threshold 

(1-1) ♦ (1-2) 

(1-1)  ♦ (1-2) 

12-2 

D:B,D 

( 1"3)  ♦ ( 1-  2) 

(1-3)  ♦ (1-2)  if  A 

12-3 

C:D,A 

(1-2) ♦ (1- 1 ) 

(1-1)  ♦ (1-2)  not  A 
(1-2)  MI-1) 

12-4 

C:  B,  A 

(1-3)  *(1-1) 

(1-2)  ♦ (1-1) 

13 

Three  Intersecting  Beyond  Threshold 

: 162  are  close 

13-  1 

parallel. 
D: B,  A, D 

(2-22) ♦ (1-2) 

(1-2)  ♦ (1-  1)  MI-2)  if 

A 

13-2 

D:B,B,D 

(2-24)  ♦ (1-2) 

(1-1) ♦ (2- 15)  not  A 
(1-2)  MI-1)  ♦ (1-2)  if 

A 

13-3 

C: B, D, A 

(2-23)  MI-1) 

(1-1)  ♦ (2-15)  not  A 
(1-1) *1-2) 

13-4 

C: B,D, A 

(2-24 ) ♦ (1-1) 

(1-1)  MI-2) 

14 

Four  Intersecting 

Beyond  Threshold: 

16  2 and  3 6 4 are 

14-1 

close  parallel. 
D:  A,  A,  B,  D 

(2-19)  ♦ (2-21) 

(1-1) ♦ (1-2) 

14-2 

D:B,B,D, D 

(2-24) ♦ (2-21) 

(1-2)  ♦ (1-1)*  (1-2)  if 

A 

14-3 

C: A, A, D, C 

(15-1) 

(2-15)  ♦ (1-  1)  not  A 
(6-1) 

14-4 

C:B,B,D,D 

(2-24) 

(1-1)  ♦ (1-2) 

15 

Four  Intersecting 

: 16  2 and  3 6 4 

are  close  parallel. 

15-1 

: A, A,  D,  D 

Prime  Equation 

(6-2) 

15-2 

:B,B,D,D 

Max  (15-1,  2-24) 

(1-1)  ♦ (1-2) 

TABLE  2-1  (Conf.) 
PUNWAY  CAPACITY  MODELS 
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CHAPTER  3 - ON-LINE  RUNWAY  CAPACITY  MODEL  VERSION  2 

RUNWAY  CAPACITY 


3. 1 Introduction 


The  On-line  Runway  Capacity  Model  is  an  adaptation  of  the 
general  analytic  capacity  model  described  in  Chapter  2 for 
determining  runway  capacity.  Tt  employs  a tutorial  (question 
and  answer)  routine  between  the  computer  and  user.  The  user 
enters  a command  to  initialize  the  routine  from  a teletype 
terminal.  Thereafter,  the  computer  queries  the  teletype 
terminal  for  input  data.  The  computer  automatically  checks 
input,  data  to  determine  if  they  are  in  a valid  format  (e.g.  , 
the  aircraft  mix  percentages  must  sum  to  100?)  , and  requests 
that  new  data  be  entered  if  th“  original  data  are  invalid.  The 
us*er  supplied  information  is  a subset  of  that  reuuired  to  us= 
the  Batch  Capacity  Model.  The  output  of  the  On-line  Runway 
Capacity  Model  is  a summary  of  user  supplied  inputs  and  the 
calculated  hourly  capacity  of  th<=  runways. 


Access  to  the  On-lin^  Runway  Capacity  Model  can  be  achieved 
with  most  teletype-compatible  remote  terminals  which  have 
telephone  communicati ons  to  a computer  service  offering  the 
technique.  Computer  access  is  achieved  by  entering  the 
appropriate  user  identification  code  and  the  appropriate 
proqram  identif icat.ion  code  (e.g.,  EX  FAA)  . A current  list  of 
computer  services  offering  the  On-line  Runway  Capacity  Model 
(with  telephone  number  and  appropriate  program  identification 
code)  is  available  from: 


Chief,  Airport.  Desian  Branch 
DOT/FAA 

2 10C  Second  Street,  S.W. 
Washington,  D.C.  20590 


To  utilize  the  On-line  Runway  Capacity  Model  to  determine 
runway  capacity,  it  is  necessary  to  have  a remote  computer 
terminal  and  telephone  connections  with  a computer  service.  It 
is  not  necessary  to  understand  the  details  of  computer 
operations  or  the  Batch  Capacity  Model  described  in  Chapter  2. 
Each  user  must  establish  his  own  user  identification  code  with 
a computer  service  (or  timesharing  company)  which  offers  vhe 
program  and  must  pay  for  the  computer  time,  connect  time, 
storage  cost  and  any  other  charge  associated  with  his  use  of 
the  model.  Each  computer  service  offerinq  the  program  will 
have  representatives  available  to  explain  the  operation  of 
remote  computer  terminals. 
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a.  Air  Traffic  Control  System.  The  On-line  Runway 
Capacity  Model  can  utilize  either  current  or  future  air  traffic 
control  systems.  The  first  data  request  (Figure  3-3)  is  "DO 
YOU  WANT  A LISTING  AND  IMPLEMENTATION  SCHEDULE  OF  FUTURE  AIR 
TRAFFIC  CONTROL  SYSTEMS?  (Y  or  N) . " The  answer  to  this 
question  influences  the  selection  of  the  arrival-arrival 
separation  (DLTAIJ) , departure-departure  separation  (TD) , model 
number,  SIGAA  and  PV.  A report  describing  the  use  of  the  On- 
line Runway  Capacity  Model  for  assessing  the  effect  of  future 
air  traffic  control  hardware  performance  on  airport  capacity 
and  delay  will  be  available  at  a later  date.  For  additional 
information  on  this  subject  contact: 

DOT/FAA 

Director,  Office  of  System  Engineering  Management 

800  Independence  Avenue,  S.w, 

Washington,  D.C.  205R0 

b.  Operating  Condition.  Operating  conditions  vary  over 
a considerable  range  of  applicable  rules,  procedures, 
conventions,  and  atmospheric  ceilinq/visihility . The  On-line 
Runway  Capacity  Model  considers  three  significantly  different 
sets  of  operating  conditions: 

VFR  (visual  flight  rules)  : Operations  conducted  wi^-h 

visual  approach  procedures. 

IFR  (instrument  flight  rules):  Instrument  operations 

conducted  with  vi sual  separation  procedures. 

PVC  (poor  visibility  conditions)  : Instrument- 

operations  conducted  under  the  most  strict 
observance  of  air  traffic  control  separation  standards. 

As  used  in  this  chapter,  three  of  the  quantitative  parameters 
that  differentiate  VFR,  IFR  and  PVC  are: 


(1)  Arrival-arrival  separation, 

(2)  Departure-arrival  separation,  and 

(3)  Dependency  between  parallel  runways. 


In  VFR,  the  average  arrival-arrival  separations  over  threshold 
are  roughly  equal  to  the  published  air  traffic  control 
criteria.  This  situation  corresponds  to  a very  tightly  packed 
arrival  stream.  In  TFR  and  PVC,  some  arrival-arrival 
separations  (especially  those  for  slow  aircraft  following  fast 
aircraft)  are  increased  to  provide  for  all  aircraft  flying  a fS 
nautical  mile  common  final  approach  path. 


On  any  runway  with  both  arrival  and  departure  operations, 
inbound  arrivals  must  he  2 nautical  miles  or  more  from  the 
threshold  before  a departure  can  be  cleared  to  roll  in  VFR, 
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and  PVC.  On  parallel  runways  with  centerline  separation  over 
700  feet,  departures  can  be  released  irrespective  of  the 
location  of  an  arrival  on  a parallel  runway  in  VFR  and  IFR.  In 
PVC,  departures  cannot  be  released  unless  an  arrival  on  a 
parallel  runway  is  more  than  2 nautical  miles  from  the 
threshold  or  the  centerline  separation  between  the  parallel 
runways  is  3,500  feet  or  more.  On  intersecting  runways,  the 
departure-arrival  separation  is  a function  of  the  distance  from 
arrival  threshold  to  intersection  and  the  distance  from 
departure  threshold  to  intersection  in  VFR  and  IFR.  In  PVC, 
the  arrival  must  be  2 n.mi.  or  more  from  the  runway  threshold 
when  the  departure  starts  to  roll. 

Simultaneous  approaches  are  permitted  on  parallel  runways  in 
VFR.  In  IFR  and  PVC,  simul taneous  arrival  approaches  are 
permitted  only  on  parallel  runways  spaced  4,300  feet  or  more  on 
centerline.  For  parallel  runways  spaced  between  4,299  and 
2,500  feet,  arrivals  are  staggered  on  parallel  runways  at  the 
seDaration  required  for  large  jets.  Below  2,500,  no  parallel 
aonroaches  ar°  permitted  in  IFR  and  PVC  (i.e.,  the  separation 
between  arrivals  on  parallel  runways  are  the  same  as  if  they 
were  on  a common  approach  path) . 

In  all  cases,  two  aircraft  are  not  permitted  to  operate  on  a 
single  runway  simultaneously. 

In  calculating  VFR,  IFR  and  PVC  capacities,  special  attention 
should  be  given  to  the  relationship  between  the  specified 
operating  condition  and  the  runway  use  configuration.  It  is 
possible  to  calculate  VFR,  IFR  and  PVC  capacity  for  any  of  the 
runway  use  configurations  shown  in  Figure  3-2.  However,  it  may 
not.  h®  possible  to  conduct  saturation  operations  on  all  runways 
for  some  operating  conditions.  For  example,  mixed  operations 
can  be  conducted  on  close  parallel  runways  in  VFR  operating 
conditions.  In  IFR,  they  cannot.  If  mixed  operations  are 
specified  on  close  parallel  runways  in  IFR,  the  program  will 
automatically  convert  this  specification  to  arrivals  only  on 
one  runway  and  departures  only  on  the  other.  This  process, 
which  reflects  the  results  of  extensive  analysis  of  the  air 
traffic  control  system,  is  true  for  many  runway  use 
conf igur ation/operat ing  condition  combinations.  Therefor®, 
specify  the  runway  use  conf iguration  which  most  closely  agrees 
with  what  can  actually  happen  under  the  desired  operating 
condition. 

c.  Runway  Use  Configuration.  Figure  3-2  identifies  a 
series  of  runway  use  configurations,  the  number  assigned  to 
each  runway,  and  the  additional  data  required  for  some  runway 
use  configurations.  These  additional  data  include  the 
separation  distance  between  parallel  runways,  th®  distance  from 
threshold  to  intersection,  the  distance  between  the  centerline 
of  runway  number  one  and  the  threshold  of  the  far  nonparallel 
runway,  and  the  angle  between  nonparallel  runways.  All 
distances  are  in  feet  and  the  angle  is  in  degrees. 
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If  a particular  runway  use  conf iguration  is  not  included  in 
Fiqure  3-2,  it  may  be  possible  to  divide  the  runway  use 
configuration  into  independent  components.  If  a very  small 
percent  of  the  total  arrivals  or  departures  is  expected  to 
occur  on  a given  runway,  it  may  be  realistic  to  omit  it  in  the 
specification  of  runway  use  conf iguration.  These  methods  will 
often  permit  the  runway  use  configuration  to  be  found  in  Figure 


3-2. 


A number  of  assumptions  are  built  into  the  runway  use 
configurations  contained  in  Fiqure  3-2. 

(1)  For  two  intersecting  runways,  the  runwiys  are 
assumed  to  be  independent  if  the  arrival  intersection  distance 
is  equal  to  or  greater  than  8,000  feet. 


(2)  For  three  parallel  runways,  the  centerline 
separation  between  the  outer  runways  is  assumed  to  be  related 
to  the  separation  between  the  inner  runways  in  the  followina 
manner: 

S C ♦ S 


700  - 2499 
2500  - 3499 
3*500  - 4299 


2500  - 3499 
3500  - 4299 
4300  or  more 


4300  or  more  4300  or  more 

where:  s is  the  input  separation 

between  a pair  of  runways,  and 
C is  the  fixed  separation  between 
a pair  of  runways. 


(3)  For  four  parallel  runways,  the  separation 
between  the  inner  parallel  runways  is  assumed  to  be  3500  feet 
or  greater. 


d.  Aircraft  Mix . In  general,  aircraft  mix  is  assigned 
by  runway.  It  represents  the  population  of  aircraft  tha«-  will 
use  that  particular  runway,  not  necessarily  the  airport  as  a 
whole.  However,  for  the  following  diagram  numbers,  input  only 
one  aircraft  mix  which  is  representative  of  the  aircraft 


population 

on  all  runways  {i 

.e.  , 

the 

airport 

mix)  . 

VFR:  25, 

26,  27, 

28 

TFR  and 

PVC:  12, 

25,  26, 

27, 

28, 

33,  35, 

37,  38,  44,  46  and  50 

Frequently,  the  aircraft  mix  will  only  be  known  for  the  total 
airport  and  not  by  runway.  If  all  runways  are  used  by  all 
aircraft  types  in  the  same  proportions,  use  the  airport  mix  on 


66 


3 


each  runway.  If  there  is  segregation  of  aircraft  types  on 
certain  runway (s),  the  aircraft  mix  by  runway  will  have  to  be 
established.  The  capacity  results  will  then  reflect  thn 
aircraft  mix  by  runway  and  not  the  overall  airport  mix. 


Aircraft  mix  by  runway  is  determined  by  first  calculating  the 
demand  by  aircraft  class  for  the  airport;  i.e.,  the  to«-al 
airport  demand  times  the  mix  percents.  Based  on  the  site 
specific  conditions  of  the  runways,  the  demand  by  aircraft 
class  is  allotted  to  each  runway.  The  aircraft  mix  by  runway 
is  then  computed  based  on  the  aircraft  demand  using  each 
runway.  When  the  runway  mixes  are  not  identical.  Demand - 
Capacity  compari sons  for  the  airport  should  be  made  by  aircraft 
class . If  the  demand  of  a particular  aircraft  class  is  areater 
than  its  capacity,  it  may  he  possible  (depending  on  site 
specific  conditions)  that  the  aircraft  class  demand  by  runway 
could  be  adjusted  such  that  the  capacity  for  that  aircraft 
class;  i.e.,  the  runway  capacity  times  the  runway  mix  percent, 
is  increased.  '’'his  action  should  be  considered  if  the  demand 
for  a particular  aircraft  class  is  greater  than  its  capacity. 


e.  Exi t Type.  Two  types  of  exit  taxiways  are  available: 

(1)  Angled  Exit s . Angle!  ®xits  (also  known  as  high- 
speed “xits)  are  those  whrare  aircraft  may  exit  at  velocities 
from  3d  to  60  miles  per  hour  to  reduce  runway  occupancy  time. 

If  an  exit  is  not  used  in  this  manner,  no  matter  what,  its 
geometry,  it  should  not  be  considered  as  an  angled  exit  for 
purposes  of  determinina  runway  capacity. 

(2)  Stan  ia rd  Exi ts.  Standard  exits  include  all 
other  exits.  Standard  exits  are  referred  to  as  "other  «xits" 
in  AC  150/  53  35-  1 A "Airport  Design  Standards  - Airports  Served 
By  Air  Carrier  - Taxiways." 

For  the  On-line  Funway  Capacity  Model,  it  is  assumed  that  all 
exits  are  equally  desirable  and  that  all  exits  are  located  on 
the  same  side  of  the  runway.  Th“  rapacity  model  described  in 
Chapter  2 should  be  used  to  study  the  effec4-  of  preferential 
airline  exiting  or  exits  located  on  hoth  sides  of  a runway.  Tt 
is  also  assumed  that  each  runway  has  an  entrance  and  exit 
located  at  the  ends  of  the  runwav. 


3 . 3 Da  ta  Requests 

There  are  several  ways  to  use  the  On-line  Punway  Capacity 
Model.  The  basic  approach  corresponds  to  answorinq  the 
questions  as  they  appear.  However,  there  are  many  options 
available  to  shorten  the  time  required  to  enter  data  or  to 
enter  more  data  than  is  readily  apparent.  The  following  is  a 
detailed  description  of  the  questions  asked  by  the  On-line 
Runway  Capacity  Model,  and  all  possible  use  options. 


67 


DO  YOU  WANT  A LISTING  AND  IMPLEMENTATION  SCHEDULE  FOR 
FUTURE  ATC  SYSTEMS? 

This  data  request  is  made  immediately  after  the  proqram 
identification  code  is  entered  (e.q.,  EX  FAA) . This  question 
is  not  repeated  if  capacity  is  calculated  for  additional  runway 
coni iaurations.  The  most  current  description  of  future  air 
traffic  control  systems  will  be  printed  if  a "yes”  response  is 
given  to  this  data  request. 

Actually,  three  "yes"  or  "no"  answers  can  be  given  at  this 
point  (althouqh  the  second  two  are  not  mandatory).  The  first 
is  for  the  question  as  asked.  The  second  is  for  "Do  you  want 
the  lonq  form  of  the  data  request?"  A "no"  answer  will  result 
in  abbreviated  data  requests  beina  made.  A comparison  of  the 
lonq  and  abbreviated  forms  of  the  questions  is  contained  in 
Fiqure  3.4.  The  third  is  for  "Do  yon.  want  an  input  summary?"  A 
"no"  will  result  in  no  input  summary  beinq  printed  after  the 
input  data  is  entered.  Any  sequence  of  "yes"  and  "no"  entries, 
separated  by  spaces,  is  permitted.  A "yes"  is  assumed  for  the 
second  and  third  questions  unless  a "no"  is  entered. 

ENTER  PRESENT  OR  FUTURE  ATC  CONFIGURATION  (P  FI  F2  G3 
H4)  . 

This  data  request  is  always  made.  The  future  air  traffic 
control  systems  FI,  F2,  G3  and  H4  are  identified  in  th®  list  of 
future  air  traffic  control  systems.  FI,  F2,  G3  and  H4  are 
standard  inputs.  However,  there  are  102  possible  answers  to 
’■his  question.  The  answer  is  composed  of  two  parts;  i.e.  , th® 
ATC  letter  and  the  ATC  number.  For  example,  F2  is  for  ATC 
letter  F and  ATC  number  2.  The  ATC  letters  are  primarily 
concerned  with  lateral  separation  for  parallel  runways.  The 
ATC  number  is  primarily  concerned  with  the  longitudinal 
separations  used. 

The  following  defines  all  possible  ATC  letters: 

P ft  F Presen’-  (i.e.,  April  1976)  lateral  separations  as 
defined  in  th^  Air  Traffic  Control  Handbook. 

G Present  lateral  separations  without  lateral 
wake  turbulence  separation. 

J Independent  arrivals  at  35C0  feet. 

I Independent  arrivals  and  departures  at 
2500  feet. 

H Independent  arrivals  at  35C0  feet  and 
no  lateral  wake  turbulence  separations. 

The  ATC  numbers  are  defined  as: 
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0 Present  air  traffic  control  system  usinq 
PMM  input  data. 

1 Basic  meteoroloqical  advisory  system 

to  overcome  wake  turbulence  separation  usinq  a 
combination  of  PMM  and  MITRE  input  data. 

2 Add  basic  meterinq  and  spacinq  to  wake  vortex 
prediction  usinq  a combination  of  PMM  and  MITRE  input 
data. 

3 Add  MLS  and  improved  surveillance  to  ATC 
number  2 usinq  a combination  of  PMM  and  MITRE 
input  data. 

4 Add  DABS  and  reduced  missed  approach  zones  to 
ATC  number  3 usinq  a combination  of  PMM  and  MITRE 
input  data. 

5 Fallback  position  for  ATC  number  1. 

6 Fallback  position  for  ATC  number  2. 

7 Fallback  position  for  ATC  number  3. 

3 Fallback  position  for  ATC  number  4. 


9 

Present 

ATC 

system 

usinq 

MITRE  inputs. 

10 

Same 

a s 

ATC 

letter 

1, 

but 

usinq  MITRE 

input  s . 

1 1 

Same 

as 

ATC 

1 etter 

2, 

but 

usinq  MITRE 

inputs. 

12 

Same 

as 

ATC 

letter 

3. 

but 

usinq  MITRF 

inputs. 

1 3 

Same 

a s 

ATC 

letto r 

but 

usinq  MITRE 

inputs . 

14 

Pre- 

November 

15,  1975 

, ATC  rules  usinq 

' PMM  in 

IS 

Same 

as 

ATC 

number 

1 4 

« 

y.  A special  code  that  allows  the  user  to  enter 

values  for  DLTATJ,  STGAA,  and  PV.  Also,  DA  for  two 
intersectinq  runways. 

Any  combination  of  ATC  letter  and  ATC  number  can  be  input. 

ENTER  VFR,  IFR,  OR  PVC. 

This  data  request  is  always  made.  Acceptable  answers  are;  vfr 
or  V;  TFR  or  T;  PVC  or  P. 

The  present  operating  condition  defined  by  MTTRF  as  IFR 
Limifinq  Case  can  be  studied  by  °nterinq  PR  for  the  ATC 


configuration  question  and  PVC  for  this  question.  IFR  Limitinq 
Case  (LIFR)  is  defined  as  instrument  operations  conducted  under 
the  most  strict  observance  of  air  traffic  control  spacing 
minimums . 


DO  GA  AIRCRAFT  FLY  A SHORT  FINAL  APPROACH? 

This  question  is  only  asked  for  VFR  operating  conditions.  A 
"no"  response  will  result  in  the  assumption  that  all  aircraft 
fly  a 6 nautical  miles  common  approach  path.  A "yes"  response 
will  result  in  the  assumption  that  class  A and  B aircraft  fly  a 
1 nautical  mile  common  approach  path.  As  an  option,  the  letter 
"q"  can  be  entered.  This  will  result  in  the  additional 
question:  INPUT  GAMA?  The  user  can  then  en^er  the  length  of 

the  common  approach  path  in  nautical  miles  for  each  aircraft 
class  (i.e. , A,  B,  C,  D) . 


ENTER  RUNWAY  USE  DIAGRAM  NUMBER  (1-51). 

This  request  is  always  made.  Figure  3-2  illustrates  thQ  51 
runway  use  diagrams  used  by  the  On-line  Runway  Capacity  Model. 

ENTER  AIRCRAFT  MIX  PERCENTAGE  (CLASS  A B C D)  F0»  EACH 
PRINTFD  RUNWAY  NUMRER. 

This  information  request,  is  made  for  every  runway  in  th®  runway 
use  diagram.  Runway  numberes  are  given  in  Fiqure  3-2.  Enter  a 
"0"  to  denote  that  the  aircraft  mix  ioes  not  include  a 
particular  aircraft  class. 

If  each  runway  has  the  same  aircraft  mix,  enter  "All"  after  the 
mix  percentage  for  the  first  runway  (e.g.,  0 7 63  30  All).  The 
input  must  be  four  integers  which  sum  to  100. 


ENTER  SEPARATION  "S"  BETWEEN  PARALLEL  RUNWAYS  (FEET) . 

This  data  request  is  made  for  runway  use  diagrams  2 thru  12 
Enter  this  separation  in  feet. 


ENTER  DISTANCE  "X"  BETWEEN  THRESHOLD  AND  INTERSECTION  FOR 
EACH  PRINTFD  RUNWAY  NUMBER  (FEFT) . 

This  request  is  made  for  runway  use  diagrams  23  through  2 6 by 
runway.  Runway  numbers  are  given  in  Fiqure  3-2.  This  distance 
is  measured  in  feet  from  the  threshold  (in  the  direction  of 
operations)  to  the  intersection  point. 


TENTER  ANGLE  "A"  BETWEEN  NON  PARALLEL  RUNWAYS  (DEGREES)  . 
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This  data  request  will  he  made  for  runway  use  diaqrams  31,  33, 
35,  39,  42,  44,  46  and  50.  The  angle  must  be  greater  than  0 
and  less  than  90  degrees. 


ENTER  DISTANCE  "D"  BETWEEN  THE  THRESHOLD  AND  CENTERLINE 
OF  NONPARALLEL  RUNWAY  (FEET) . 

This  request  is  made  for  the  same  runway  use  diagrams  as  the 
angle  A.  For  runway  use  diagram  31  and  42,  the  distance  is 
from  the  threshold  of  runway  2 to  the  centerline  of  runway  1. 
For  all  other  runway  use  diaqrams  (i.e.,  33,  35,  39,  44,  46, 
and  50)  it  is  from  the  threshold  of  runway  3 to  the  centerline 
of  runway  1.  Enter  this  distance  in  feet. 


ENTER  ARRIVAL  PERCENTAGE. 

This  data  request  is  made  for  all  runway  use  configurations. 
Enter  arrival  percentage  as  an  integer  from  0 to  100.  The  On- 
line Runway  Capacity  Model  can  be  used  to  determine  the  maximum 
number  of  arrivals  and  departures  per  hour  that  can  use  the 
runway(s)  when  arrivals  have  first  priority.  It  is  obtained  by 
entering  the  special  code  9999  as  the  arrival  percentage.  For 
single  and  two  intersecting  runways  (i.e.,  diagram  nos.  1 and 
23),  it  is  possible  to  obtain  the  50%  arrival  capacity  that 
gives  egual  priority  to  arrival  and  departure  operations.  This 
is  done  by  entering  "50,  EP.". 


ENTER  TODC H- AND- GO  PERCENTAGE. 

This  data  request  is  made  in  VFR  weather  for  single  or  parallel 
runways.  It  is  assumed  that  there  are  no  touch-and-go 
operations  in  IFR  or  PVC.  Enter  an  integer  between  0 and  100. 


ENTER  EXIT  DISTANCES  AND  RUNWAY  LENGTH  (FEET)  FOR  EACH 
PRINTED  RUNWAY  NUMBER.  IDENTIFY  HIGH-SPFED  EXITS  WITH  A 
"H"  AFTER  DISTANCE.  ENTER  "W"  AFTER  RUNWAY  LENGTH  TO 
IDENTIFY  WFT  RUNWAY. 

This  data  request  is  made  for  every  arrival  runway  in  the 
runway  use  configuration.  The  runways  are  numbered  in  Figure 
3-2.  Exit  distances  must  be  positive  integers  entered  in 
ascending  order.  Exit  distances  can  be  specified  to  the 
nearest  100  foot.  Any  exit  distance  greater  than  11,000  feet 
will  be  considered  to  be  at  11,000  feet.  The  letter  "H"  can  be 
entered  immediately  after  a runway  exit  distance  (e.q.,  4210a) 
to  identify  an  angled  exit.  The  letter  "W"  can  be  entered  one 
space  after  the  runway  length  of  runway  number  one  to  identify 
wet  runways  (e.g.,  3250  4625  5430H  6710  10413  W) . If  exit 
locations  are  unknown  or  not  considered  important  for  the 
particular  application  of  the  On-line  Runway  Capacity  Model,  it 
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is  possible  to  enter  the  letter  "S"  as  the  exit  location  for 
each  runway;  this  is  equivalent  to  entering  "2000  3000  4000 
5000  6000  7000  9000." 


In  addition  to  all  of  the  above,  the  word  STOP  can  be  entered 
for  any  data  request  if  the  user  wished  to  terminate  the 
tutorial  sequence  of  questions.  The  next  question  will  be,  "DO 
YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION?" 


3. 4 Output 

Immediately  after  the  exit  data  is  entered,  the  teletype 
terminal  will  type  an  input  summary.  This  summary  defines  the 
input  data  supplied  by  the  user  for  calculating  hourly  runway 
capacity.  The  input  summary  does  not  contain  any  error 
messages  and  can  serve  as  a permanent  record  of  inputs  used  for 
the  calculation. 

The  input  summary  will  contain  a warning  message  if  the  runway 
length  is  too  short  for  any  of  the  aircraft  classes  which  usa 
it.  The  warning  message  will  state  that  the  runway  length  may 
not  be  adequate  for  some  aircraft  if  the  input  runway  length  is 
slightly  below  the  normal  runway  length  for  any  aircraft  class 
present  in  the  mix;  i.e.,  whose  mix  percent  is  not  zero.  The 
warning  messaqo  will  define  the  runway  length  used  if  the  inpur 
runway  length  is  signif icantly  below  the  normal  runway  length. 

The  total  hourly  capacity  of  the  runway  use  configuration  and 
the  number  of  arrivals  and  departures  is  typed  after  the  input, 
summary.  For  future  air  traffic  control  systems  and  runway  use 
diagram  nos.  1,  or  23  (single  and  two  intersecting)  th<=  runway 
capacity  is  printed  for  the  standard  procedure  to  consider 
arrival  percentage  and  a technique  where  arrivals  are  optimally 
spaced  to  allow  the  desired  number  of  operations. 


DO  YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION? 

This  question  is  asked  after  the  remote  terminal  prints  the 
hourly  runway  capacity.  A response  of  "y"  or  "yes"  will  start 
the  data  request  sequence  with  ENTER  PRESENT  OR  FUTURE  ATC 
CONFIGURATION  (P  FI  F2  G 3 HU) . Any  other  response  will 
automatically  terminate  the  access  to  the  On-line  Runway 
Capacity  Model. 

The  On-line  Runway  Capacity  Model  prepares  a data  file  for  each 
run  in  conformance  with  the  format  specifications  for  the  Patch 
Capacity  Model  contained  in  paragraph  2.3.  This  file  can  be 
listed  after  each  run,  if  desired,  to  see  exactly  what  built-in 
data  was  used  to  make*  the  run.  The  procedure  is: 


the  executive  level  commani 


L INPUT. DATA  on  McAuto,  or 
TYPF  OUTPUT. DATA  on  TYMSHARE 


After  the  data  is  printed,  the  user  can  reload  the  On-line 
Runway  Capacity  Model  by  enterina  EX  FAA. 


NOTF : The  data  file  created  by  the  On-line  Runway  Capacity 

Model  is  erased  after  each  run  of  the  model.  Therefore,  the 
data  used  for  a run  can  only  be  printed  before  another  run  i 
executed . 


To  comnute  hourly  delays,  Figure  2-68  in  reference  b can  be 
used.  The  procedure  for  computing  hourly  delay  is  explained  in 
paraqraphs  27  and  28  of  that  report.  The  delay  factors  ADF  and 
DDC'  should  be  calculated  usinq  Appendix  n for  future  ATC 
envi ronment  s. 


3.5  Model  Variations 


It  is  expected  that  from  time  to  time  changes  will  be  made  to 
thQ  On-line  Runway  Capacity  Model  to  add  or  delete 
capabilities,  to  modify  air  traffic  control  procedures,  or  to 
revise  aircraft  operational  parameters.  Whenever  a change  is 
made  to  the  On-line  Runway  Capacity  Model,  the  version  number 
will  be  chanqed.  Th"  version  number  is  recorded  on  the  second 
line  of  the  printed  computer  dialogue. 


The  examples  included  in  this  chapter  have  been  solved  using 
On-line  Runway  Capacity  Model  Version  2.  They  illustrate  the 
procedure  for  determining  runway  capacity  and  show  how  capacity 
fits  into  the  total  airport  planning  process.  When  a version 
number  is  chanqed,  the  user  may  not  be  able  yo  duplicate 
exact  capacity  results  shown  in  the  examples.  The  user  should 
be  aware  of  the  current  version  number.  Only  the  current 
version  of  the  On-line  Runway  Caoacity  Model  will  be  available 
from  the  computer  service  bureaus.  A description  of  each 
version  will  be  available  from  the  Chief,  Airport  Design  Branch 
(ARD-41C).  On-line  Runway  Capacity  Model  Version  2 is  based  on 
the  air  traffic  control  procedures  found  in  7110.65,  "Air 
Traffic  Control  Handbook,"  dated  April  1976. 


Th°  output  of  the  On-line  Runway  Caoacity  Model  lists  the 
"Hatch"  Capacity  Model  version  number.  This  number  is  related 
to  the  form  of  the  capacity  model  used  when  the  complete  input 
scenario  discussed  in  chapter  2 is  made  with  punched  cards. 

The  Ratch  Capacity  Model  version  number  has  no  hearing  on  the 
use  of  the  On-ldne  Runway  Capacit y Model . 


To  facilitate*  the  production  of  sensitivity  analysis,  the 
following  files  have  been  created  on  TYMSHARE  and  McAuto: 


COMMAND  FILE 


McAuto 
EX  VFR PA 
EX  IFRPA 
EX  TG 
EX  FAR 

TYMSHARF 
VFRPA  EXEC 
IFRPA  EXEC 
TG  EXEC 
FAR  EXEC 

EX 

MED 

MED  EXEC 

EX 

NEAR 

NEAP  EXEC 

EX 

CLOSE 

CLOSE  EXEC 

CONDITION 

Percent  Arrivals  in  VFR 
Percent  Arrivals  in  IFR  or  PVC 
Percent  Touch-and-Go  Operations 
All  Runway  Use  Strategies  Applicable 
For  Spaced  Parallel  Runways 
All  Runway  nse  Strategies  Applicable 
For  Medium  Spaced  Parallel  Runways 
All  Runway  Use  Strategies  Applicable 
For  Near  Spaced  Parallel  Runways 
All  Runway  Use  Strategies  Applicable 
For  Close  Spaced  Parallel  Runways 


The  command  files  VFR PA  and  IFRPA  produce  capacity  results 
for  0,  35,  50,  65,  100  percent  arrivals  and  9999. 

The  command  file  Touch-and-Go  produces  capacity  results 
for  10,  20,  30,  40,  SO  and  60  percent  touch -and-go. 

The  command  files  FAR,  MED,  NEAR,  and  CLOSE  produce 
capacity  results  for  the  following  runway  use  strategies: 


where : 


Runway  Use  Strategy 
Runway  1 Runway 


A 

A 

D 

A/D 

A/D 

A/D 


A 

D 

D 

A 

D 

A/D 


2 


A = Arrival  D = Departure  A/D  = Arrival  f.  Departure 

The  procedure  is  to  first  make  a run  of  the  on-line  Runway 
Capacity  Model  for  the  desired  conditions.  Then  enter  "no"  to 
the  question  "DO  YOU  WISH  TO  MAKE  ANOTHER  CALCULATION?"  From 
the  executive  lev^l,  enter  one  of  the  above  command  files  to 
produce  the  desired  sensitivity  analysis. 


3 . 7 Examples 

The  following  examples  illustrate  the  use  of  the  On-line  Runway 
Use  configuration  Version  2: 

Example  1 


Determine  the  saturation  hourly  capacity  without  reoard  to  per- 
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cent  arrival  of  a single  runway  in  PVC  operation  conditions. 


Aircraft  Mix:  0%A,  5%B,  75fC,  20'SD 

Percent  Arrival:  9999 

Percent  Touch-and-Go:  0 

Exit  Taxiway  Location:  4300  ',  5100',  5700',  6400* 

75C0*  and  9300'  from  arrival  threshold 
Exit  Type:  All  standard  exits 

Runway  Condition:  Dry 

From  Figure  3-2,  runway  use  configuration  number  1 is  selected. 
The  computer  dialogue  is  shown  in  Figure  3-5.  The  saturation 
hourly  capacity  is  found  to  be  47.7  operations/hour.  The 
percent  arrival  is  found  to  be  71.8. 

Example  2 

Determine  the  saturation  hourly  capacity  of  the  runway  use  con- 
figuration shown  below  in  VFP  operation  conditions  assuming 
that  arrival  and  departure  operations  have  equal  priority  for 
use  of  the  runway. 


Aircraft.  Mix:  0%A,  5%B,  50%C, 

Percent  Arrival:  50,  EP 

Percent  Touch-and-Go:  0 

Exit  Taxiway  Location:  Assume 

Exit  Type;  All  standard  exits 
Runway  Condition:  Dry 

Arrival-Arrival  Separation: 


4 5 %D 


good  exiting;  i.e, 


DLTAIJ: 


2 

2 

2 

2 


2 

2 

2 

2 


2 
2 
2 
2 

SIGMAA  = 8 seconds 
Probability  of  violation  = .09 
All  general  aviation  aircraft 
approaches. 


conduct  short  final 


, 


Approach  Speed:  95,  120,  130,  140 


i 


I 


From  Figure  3-2,  runway  use  configuration  number  23  is  selected. 
The  computer  dialogue  is  shown  in  Figure  3-6.  The  hourly 
capacity  when  arrival  and  departure  operations  have  equal  priority 
is  found  to  be  60  operations  per  hour.  (Note:  Only  49  operations 

per  hour  are  possible  with  preemptive  arrival  priority.) 


Example  3 


Determine  the  saturation  hourly  capacity  of  the  runway  use  con- 
figuration shown  below  in  VFR  operation  conditions. 


► 


► 


»- 

1,500' 

— ► 


Aircraft  Mix:  0%A,  0%B,  50%C,  50*D 

Percent  Arrival:  60 

Exit  Taxiway  Location:  4100',  4900',  5600',  7000'  and 

10000'  from  threshold  on  both  runways 
Exit  Type:  All  standard  exits 

Runway  Condition:  Wet 

Percent  Touch-and-Go  = 0 

All  qeneral  aviation  aircraft  fly  short  final  approaches. 

From  Figure  3-2,  runway  use  configuration  number  6 is  selected. 

The  computer  dialogue  is  shown  in  Figure  3-7.  The  saturation 
hourly  capacity  is  found  to  be  86  operations  per  hour. 

Example  4 

Determine  the  sensitivity  of  saturation  hourly  capacity  to  per- 
cent arrivals  for  the  following  conditions: 

Runway  Use  Configuration:  2 

weather:  VFR 

Aircraft  Mix:  10%A,  10%R,  50%C,  30*D 

Exit  Taxiway  Location:  S 

Runway  Separation  = 1000  feet 
Percent  Touch-and-Go  = 0 

All  qeneral  aviation  aircraft  fly  short  final  approaches. 

The  computer  dialogue  for  this  case  is  shown  in  Figure  3-8. 

The  sensitivity  of  capacity  to  percent  arrivals  is  found  to  be: 


Hourly 
Capacity 
58 
90 
90 
85 
68 
8 1 


Percent 

Arrival 

0 

35 

50 

65 

100 

9999;  i.e.,  ^arrivals  = 85 
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REQUIRED  DATA 


1.  Runway  Use  Configuration  Code  Number 

2.  Operating  Condition  (VFR,  IFR,  LIFR) 

3.  ATC  Condition  (Present  or  Future) 

4.  Aircraft  Mix  (%A,  %B,  %C,  %D) 

6.  Percept  Arrivals 

6.  Exit  Locations 

7.  Do  General  Aviation  aircraft  fly  short  final 

approaches? 

R.  Percent  Touch-and-Go  Operations 

SPECIAL  GEOMETRY  DATA  FOR  SOME  CONFIGURATIONS 

9.  Centerline  Separation 

10.  Intersection  Distances 

11.  Anale  Between  Runways 

12.  Distance  From  Centerline  of  One  Runway  to  Threshold  of 

Another  Runway 

OPTIONAL  DATA 

13.  Arrival-Arrival  Separation 

14.  SIGAI 

1R.  Probability  of  Violation 

16.  Departure-Arrival  Separation 

17.  Length  of  Common  Approach  Path 

FIGURE  3-1 
ON-LINE  INPUTS 
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r 


F 


RUNWAY  USE  DIAG.  ADDITIONAL  ■ RUNWAY  USE  DIAG.  ADDITIONAL  ■ RUNWAY  USE  DIAG.  ADDITIONAL 

DIAGRAM  NO.  DATA  I DIAGRAM  NO.  OATA  | DIAGRAM  NO.  DATA 


FIGURE  3-2 


APPLICABILITY 


DATA  REQUEST 

OF  DATA 
REQUEST 

VALID 

INPUT 

MESSAGE  FOR  INVALID  DATA 

00  YOU  WANT  A DESCRIPTION 
AND  IMPLEMENTATION  SCHEDULE 
FOR  FUTURE  ATC  SYSTEMS? 

After 

accessing 

computer 

y or  n 

Any  response  other  than  "n"  is  treated 
as  a yes  reply. 

ENTER  PRESENT  OR  FUTURE 
ATC  SYSTEM  (P  FI  F2  G3  HR) 

Always 

used 

p,fl,f2 
g3,  or  h4 

ERR:  INCORRECT  ATC  SYSTEM 

ENTER  VFR,  IFR,  OR  PVC 

Always 

used 

v.  i,  or  p 

ERR:  MUST  BE  VFR,  IFR,  OR  PVC 

DO  GA  AIRCRAFT  FLY  A SHORT 
FINAL  APPROACH? 

VFR 

only 

y or  n 

ERR:  ANSWER  MUST  BE  YES  OR  NO 

ENTER  RUNWAY  USE  DIAGRAM 
NUMBER  (1-51) 

Always 

used 

Integer 
1 thru  51 

ERR:  RUNWAY  USE  DIAGRAM  NUMBER 

MUST  BE  BETWEEN  1 4 51 

ENTER  AIRCRAFT  MIX  PERCENT 
CLASS  A B C D)  FOR  EACH 
PRINTED  RUNWAY  NUMBER 
1- 
2- 
3- 

4_ 

For  all 
runways  In 
the  runway 
use  diagram 

Four  integers 
which  sum  to 
100.  Use  the 
same  mix  for 
all  runways. 

ERR:  MIX  PERCENTAGES  DO  NOT 
TOTAL  100  FOR  RUNWAY  REENTER 

ENTER  SEPARATION  “S"  BETWEEN 
PARALLEL  RUNWAYS  (FEET) 

R/W  Use  Diag. 
2-12,17,27,28 

Integer 

The  data  request  is  repeated  if  the 
entry  isn't  an  integer. 

ENTER  DISTANCE  "X"  BETWEEN 
THRESHOLD  AND  INTERSECTION  FOR 
EACH  PRINTED  RUNWAY  NUMBER  (FEET) 
1 
2 
3 

R/W  Use  Diag. 
23,24,25,26. 
For  all 
runways. 

Integer 
under  10000 

ERR:  THRESHOLD  TO  INTERSECTION  DISTANCE 

MUST  BE  AN  INTEGER  BETWEEN  0 4 9999 

4 

ENTER  ANGLE  "A”  8ETWEEN 
NONPARALLEL  RUNWAYS  (DEGREES) 

R/W  Use  Diag. 
31,33,35,39, 

42,44,46,50 

Integer 
1 thru  90 

ERR:  ANGLE  MUST  BE  AN  INTEGER 

BETWEEN  1 4 90 

ENTER  DISTANCE  "D“  BETWEEN  THE 
THRESHOLD  AND  CENTERLINE  OF 
NONPARALLEL  RUNWAY  (FEET) 

R/W  Use  Diag. 
31,33,35,39, 

42,44,46,50 

Integer 

The  data  request  Is  repeated  if  the 
entry  isn't  an  integer. 

ENTER  PERCENT  ARRIVALS 

Always 

used 

Integer 
0 thru  100 

ERR:  PERCENTAGE  MUST  BE  AN  INTEGER 

BETWEEN  0 4 100 

ENTER  PERCENT  TOUCH  AND  GO 

VFR  only 

Integer  less 
than  2(X  Arrivals) 
and  2( 100-1 
Arrivals) 

ERR:  PERCENTAGE  MUST  BE  AN  INTEGER 

BETWEEN  04  

ENTER  EXIT  DISTANCES  AND  RUNWAY 
LENGTH  (FEET)  FOR  EACH  PRINTED 
RUNWAY  NUMBER.  IDENTIFY  HIGH 
SPEED  EXITS  WITH  AN  *H*  AFTER 
DISTANCE.  ENTER  *W*  AFTER  RUNWAY 
LENGTH  TO  IDENTIFY  WET  RUNWAY 
1 
2 

3 

4 

Based  on 
runway  use 
diag. 

Integers  in 
ascending  order, 
separated  by  a 
space.  An  V 
can  be  entered 
after  any  number 
of  exits.  A 'w' 
after  no.  1 
runway  length 
identifies  wet 
runways . 

ERR:  EXIT  DISTANCES  MUST  BE  POSITIVE 

INTEGERS  ENTERED  IN  ASCENDING  ORDER. 

ERR:  EXIT  IS  TREATED  THE  SAME  AS 

THE  PREVIOUTTXIT,  NO  TWO  EXITS  MAY 
BE  THE  SAME.  REENTER. 

DO  YOU  WISH  TO  PERFORM 
ANOTHER  CALCULATION? 

After 

output 

y or  n 

Program  automatically  terminates  for 
any  entry  except  "y. 

SUMMARY  OF  INPUTS  FOR 

ON-LINE  RUNWAY  CAPACITY 

MODEL  VERSION  2 

FIGURE  3-3 


00 


Abbreviated  Data  Request 

ENTER  ATC  SYSTEM  CODE  ATC 

(P,  FI,  F2 , G3 , H4) 

ENTER  VFR,  IFR  OR  PVC  WEATHER 

WEATHER 

DO  GA  AIRCRAFT  FLY  A SHORT  GA  FINAL? 

SHORT  PINAL  APPROACH? 

(Y  OP  N) 

ENTER  RUNWAY  USE  DIAGRAM  R/W  No. 

NUMBER  (1  THRU  51) 

ENTER  SEPARATION  "S"  SEPARATION  S 

BETWEEN  PARALLEL  RUNWAYS 

(PEET) 

ENTER  DISTANCE  "X"  BETWEEN  THRESHOLD  TO  INTERSECTION  X 

THRESHOLD  AND  INTERSECTION 
FOR  EACH  PRINTED  RUNWAY 
NUMBER  (FEET) 

ENTER  DISTANCE  "D"  BETWEEN  THRESHOLD  TO  NONPARALLET,  D 

THE  THRESHOLD  AND  CENTERLINE 
OF  NONPARALLEL  RUNWAY  (FEET) 

ENTER  ANGLE  "A"  BETWEEN  ANGLE  A 

NONPARALLEL  RUNWAYS  (DEGREES) 

ENTER  AIRCRAFT  MIX  PERCENTAGE  R/W  MIX 
(CLASS  A B C D)  FOR  EACH 
PRINTED  RUNWAY  NUMBER 

ENTER  ARRIVAL  PERCENTAGE  ARRIVAL  % 

ENTER  TOUCH-AND-GO  T S G % 

PERCENTAGE 

ENTER  EXIT  DISTANCE  AND  EXITS 

RUNWAY  LENGTH  (FEET)  FOR 
EACH  PRINTED  RUNWAY  NUMBER 

DO  YOTT  WISH  TO  PERFORM  ANOTHER  CALCULATION? 

ANOTHER  CALCULATION? 


FIGURE  3-4 

FULL  AND  ABBREVIATED  DATA  REQUESTS 


f,1 


unclassified 


FEDERAL  AVIATION  ADMINISTRATION  WASHINGTON  0 C SYSTE— ETC  F/G  1/5 
MODEL  USER’S  MANUAL  FOR  AIRFIELD  CAPACITY  AND  DELAY  MODELS.  BOO—ETCCU) 
NOV  76  C T BALL 

FAA-RD-76-128-BK-1 


EX  FAA2 


COMPUTER  DIALOGUE  FOR  EXAMPLE  1 
FIGURE  3-5 


***  AIRFIELD  HOURLY  CAPACITY  MODEL  *** 
ON-LINE  VERSION  2 


6 


[ 

! 


DO  YOU  WANT  A LISTING  AND  IMPLEMENTATION 
SCHEDULE  OF  FUTURE  ATC  SYSTEMS? 
no 

ENTER  PRESENT  OR  FUTURE  ATC  SYSTEM  (P  FI  F2  G3  HU) 
P 

ENTER  VFR,  IFR,  OR  PVC 
pvc 

ENTER  RUNWAY  USE  DIAGRAM  NUMBER  (1  - 51) 

1 

ENTER  AIRCRAFT  MIX  PERCENTAGE  (CLASS  A B C D) 

FOR  EACH  PRINTED  RUNWAY  NUMBER 
1- 

0 5 75  20 

ENTER  ARRIVAL  PERCENTAGE 
9999 

ENTER  EXIT  DISTANCES  AND  RUNWAY  LENGTH 
(FT)  FOR  EACH  PRINTED  RUNWAY  NUMBER.  IDENTIFY 
HIGH  SPEED  EXITS  WITH  AN  "H"  AFTER  DISTANCE. 

ENTER  W AFTER  RUNWAY  LENGTH  TO  IDENTIFY  WET  RUNWT'Y. 

1- 

4300,5100,5700,6400,7500,9300 


***  INPUT  SUMMARY  *** 
ON-LINE  VERSION  2 

P 0 ATC  SYSTEM 
PVC  WEATHER 
DRY  RUNWAY 

RUNWAY  USE  DIAGRAM  # 1 


9999  PERCENT  ARRIVALS 
0 PERCENT  TOUCH  6 GO 


R/W 

AIRCRAFT 

MIX 

TYPE 

# 

XA  XB  XC 

XD 

OPN 

EXIT 

LOCATIONS  (FT) 

1 

0.  5.  75. 

20. 

BOTH 

4300 

5100  5700  6400 

7500 

9300 
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***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 47.7  ARRIVAL  = 34.2  DEPARTURE  = 13.4 


DO  YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION? 
no 


FIGURE  3-5  (Cont.) 
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COMPUTER  DIALOGUE  FOR  EXAMPLE  2 
FIGURE  3-6 


ex  faa2 


***  AIRFIELD  HOURLY  CAPACITY  MODEL  *** 
ON-LINE  VERSION  2 


DO  YOU  WANT  A LISTING  AND  IMPLEMENTATION 

SCHEDULE  OF  FUTURE  ATC  SYSTEMS? 

no  no 

ATC 

px 

WEATHER 

vfr 

SHORT  FINAL  ? 

yes 

R/W  | 

23 

R/W  MIX 

1- 

0,5,70,45 

ERR:  MIX  PERCENTAGE  DOES  NOT  TOTAL  100  FOR  RUNWAY  # 1 
REENTER 

1- 

0,5,50,45 

2- 

0 5 50  45 

THRESHOLD  TO  INTERSECTION  X 
1- 

5000 

2- 

6000 

ENTER  DLTAIJ 

2,  2,  2, 2, 2,  2, 2, 2, 2,  2, 2,  2,  2, 2, 2, 2 


ENTER  SIGMAA 
8 


ENTER  PV 
.09 


ENTER  APPROACH  SPEEDS 
95,120,130,140 
ARRIVAL  % 

50,  ep 
EXITS 
1- 
s 
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***  INPUT  SUMMARY  +** 
ON-LINE  VERSION  2 


P99  ATC  SYSTEM 
VFR  WEATHER 
DRY  RUNWAY 

RUNWAY  USE  DIAGRAM  #23 
50  PERCENT  ARRIVALS 
0 PERCENT  TOUCH  6 GO 

DISTANCES  BETWEEN  THRESHOLDS  AND  INTERSECTION  5000  cn on 

DLTAIJ  = 2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2 .r 

SIGMAA  = 8.00 

FV  =0.09 


R/W 

AIRCRAFT 

MIX 

TYPE 

# 

%A 

%C  JSD 

OPN 

EXIT 

LOCATIONS  (FT) 

1 

0. 

5. 

50.  45. 

ARR 

2000 

3000  4000  5000 

6000 

7000 

2 

0. 

5. 

50.  45. 

DEP 

TWO  INTERSECTING,  ARR  ON  #1 , DEP  ON  #2 
BATCH  CAPACITY  PROGRAM,  VERSION  5 

TO  OBTAIN  50  PERCENT  ARR,  GAPS  IN  ARRIVAL  STREAM  MUST  EXIST  DUPING  52 
PERCENT  OF  THE  HOUR 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 

o 

TOTAL  = 48.5  ARRIVAL  = 24.2  DEPARTURE  = 24.2 


IDEAL  SEPARATIONS  WITH  16  VALUES  OF  DLTAIJ  WITH  AT  LEAST  1 CLASS  D DEPARTURE  IN 
TWO  INTERSECTING,  ARR  ON  #1,  DEP  ON  #2 
2.9  3.2  3.3  3.4  2.9  3.4  3.5  3.6  3.1  3.6  3.8  4.0  3.2  3.! 

DO  YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION? 
no 


3.6  4, 


TOTAL 


m.i 


FIGURE  3-6  (Cont.) 
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COMPUTER  DIALOGUE  FOR  EXAMPLE  3 
FIGURE  3-7 


I; 


m\ 


k 


***  AIRFIELD  HOURLY  CAPACITY  MODEL  *** 
ON- LIRE  VERSION  2 


DO  YOU  WANT  A LISTING  AND  IMPLEMENTATION 
SCHEDULE  OF  FUTURE  ATC  SYSTEMS? 
no  yes  no 


ENTER  PRESENT  OR  FUTURE  ATC  SYSTEM  (P  FI  F7  G3  H4) 


ENTER  VFR,  IFR,  OR  PVC 
v 


DO  GA  AIRCRAFT  FLY  A SHORT  FINAL  APPROACH? 

y 


ENTER  RUNWAY  USE  DIAGRAM  NUMBER  (1  - 51) 


ENTER  AIRCRAFT  MIX  PERCENTAGE  (CLASS  A B C D) 
FOR  EACH  PRINTED  RUNWAY  NUMBER 

1- 

0,0,50,50  all 


ENTER  SEPARATION  "S"  BETWEEN  PARALLEL  RUNWAY F (FEE”) 
1500 


ENTER  ARRIVAL  PERCENTAGE 
60 


ENTER  TOUCH  G GO  PERCENTAGE 

0 


ENTER  EXIT  DISTANCES  AND  RUNWAY  LENGTH 

(FT)  FOR  EACH  PRINTED  RUNWAY  NUMBER.  IDENTIFY 

HIGH  SPEED  EXITS  WITH  AN  "II"  AFTER  DISTANCE. 

ENTER  W AFTER  RUNWAY  LENGTH  TO  IDENTIFY  WET  RUNWAY. 

1- 

4100,4900,5500,7000,10000  w 

2- 

4100, 4700, t 


ERR:  EXIT  DISTANCES  MUST  BE  POSITIVE  INTEGERS  ENTERED  IN  ASCENDING  ORDFR 


2- 


4100,4900, 550  0,7000,  1 0000 


) 1 


fc  .... 1 U-i 


TWO  CLOSE  PARALLEL,  MIXED  ON  #1  AND  #2,  VFR 
BATCH  CAPACITY  PROGRAM,  VERSION  5 

TO  OBTAIN  60  PERCENT  ARR,  GAPS  IN  ARRIVAL  STREAM  MUST  EXIST  DURING 
PERCENT  OP  THE  HOUR 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 06.0  ARRIVAL  = 51.6  DEPARTURE  = 34 


DO  YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION? 


FIGURE  3-7  (Cont.) 


computer  dialogue  for  example  <) 

FIGURE  3-0 


e::  fan.?. 


***  AIRFIELD  HOURLY  CAPACITY  MODEL  *** 
ON-LINE  VERSION  2 


DO  YOU  WANT  A LISTING  AND  IMPLEMENTATION 

SCHEDULE  OF  FUTURE  ATC  SYSTEMS? 

n,  n,  n 

ATC 

P 

WEATHER 

V 

SHORT  FINAL  ? 

y 

R/W  £ 

2 

R/W  MIX 

1- 

10,10,50,30  a 
SEPARATION  S 
1000 

ARRIVAL  % 

50 

T S G t 

ry 

EXITS 

1- 

s 


TWOPA, CLOSE,  ARR  ON  £1  , DEPT  ON  #2 
BATCH  CAPACITY  PROGRAM,  VERSION  5 

TO  OBTAIN  50  PERCENT  ARR,  AVAILABLE  DEPARTURES  CAPACITY  IS  REDUCED  BY  1 fi  2 
OPERATIONS  PER  HOUR 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 71.7  ARRIVAL  = 35.9  DEPARTURE  = 35.9 


DO  YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION? 


FIGURE  3-8  (Cont.) 
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ex  vfrpa 

NEWRUI-I  0 0 0 
2 10  0 
RUNWAY  1 1 0 
0.150.150.500.20 
RUNWAY  2 1 0 
0.150.150.500.20 
ARBAR2  1 2 0 


48.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

63.  0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

63.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

72.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ARBAR2  2 

2 0 

45.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

53.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

53.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

EXITPT  1 3 0 

1.000.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

1.000.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

1.000.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

1.000.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

EXITPT  230 

1.000.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
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0 0.0  5.03500  3.00.0 


TWO  INT  OR  MED  OR  FAR  PARALLEL,  MIXED  ON  #1 , 


0 

ARR 


ON 


BATCH  CAPACITY  PROGRAM,  VERSION  5 

TO  OBTAIN  0 PERCENT  ARR,  ALL  INTERFERING  ARRIVAL  STREAMS  ARE  ELIMINATED,  AND 
GAPS  IN  REMAINING  ARRIVAL 
STREAMS  MUST  EXIST  DURING  100  PERCENT  OT  THE  HOUR 

**+  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 
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TOTAL  = 53.2  ARRIVAL  = 0.0  DEPARTURE  = 50.2 


OTliLRS  020  1 

G. 018.0.040  3 0 0.0  5.03500  3.00.0  0.  35 

TWO  INT  OR  MED  OR  FAR  PARALLEL,  MIXED  ON  M , ARR  Of!  #2 


m TCH  CAPACITY  PROGRAM,  VERSION  5 

TO  OBTAIN  35  PERCENT  ARB,  ALL  INTERFERING  ARRIVAL  STREAMS  ARE  ELIMINATED,  AND 
GAPS  IN  REMAINING  ARRIVAL 
STREAMS  MUST  EXIST  DURING  10  PERCENT  OT  THE  HOUR 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 39.5  ARRIVAL  = 31.3  DEPARTURE  = 50.3 


OTHERS  020  1 

G. 018. 0.040  3 0 0.0  5.03500  3.00.0  0.  50 

TWO  INT  OR  MED  OR  FAR  PARALLEL,  MIXED  ON  *1 , ARR  ON  ?2 


oonrocon 


BATCH  CAPACITY  PROGRAM,  VERSION  5 

TO  OBTAIN  50  PERCENT  ARR,  GAPS  IN  ARRIVAL  STREAM  MUST  EXIST  DURING  70 
PERCENT  OF  THE  HOUR 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 39.5  ARRIVAL  = 4 4.7  DEPARTURE  = 4 4.’7 


OTHERS  020  1 

G. 013. 0.040  8 0 0.0  5.03500  3.00.0  0.  G5 

TV/O  INT  OR  MED  OR  FAR  PARALLEL,  MIXED  ON  #1  , ARR  ON  ?2 


00200(1.30 


B7TC1I  CAPACITY  PROGRAM,  VERSION  5 

TO  OBTAIN  65  PERCENT  ARR,  GAPS  IN  ARRIVAL  STREAM  MUST  EXIST  DURING  37 
PERCENT  OF  THE  HOUR 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 35.4  ARRIVAL  = 55.5  DEPARTURE  = 2n.O 


FIGURE  3-3  (Cont.) 
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CHAPTER  4 - AIRPORT  DELAY  SIMULATION  MODEL  VERSION  2 

AIRPORT  DFLAY 


Introduction 

The  Delay  Simulation  Model  is  a computer  proqram  for 
analyzing  the  movement  of  aircraft  through  an  airport.  On« 
of  the  basic  assumptions  of  the  Batch  Capacity  Model 
described  in  Chapters  2,  8 and  9 is  that  the  airfield  can  he 
divided  into  ruwnay,  taxiway  and  gate  components  and  each 
component  analyzed  separately.  The  Delay  Simulation  Model 
provides  a method  for  simultaneously  analyzing  the  total 
airfield  including  the  terminal  airspace  associated  with  the 
runways.  The  model  output  includes  a detailed  hourly  delay 
summary  for  each  component  of  the  airport,  total  travel  time, 
and  flow  rates. 

The  Delay  Simulation  Model  is  a fast  time  critical  event, 
model  emoloying  Monte  Carlo  sampling  techniques.  "East  time" 
means  that  many  hours  of  scheduled  movements  can  be  processed 
through  the  computer  in  a few  seconds.  "Critical  event" 
means  that  the  internal  computer  clock  is  constantly 
advancing  to  the  next  event  (as  opposed  to  advancing  in 
uniform  time  increments  and  checking  to  see  if  anything 
happened) . "Monte  Carlo  sampling"  means  that  the  values  of 
certain  parameters  (e.g. , arrival-ar riva 1 separation,  arrival 
runway  occupancy  time,  gate  occupancy  time)  are  drawn  at- 
random  from  user  defined  empirical  distributions.  The  Delay 
Simulation  Model  operates  by  tracinq  the  path  of  each 
aircraft  throuqh  SDace  and  time.  The  records  of  aircraft 
movement  are  processed  by  the  model  to  produce  desired 
outputs.  The  Delay  Simulation  Model  is  an  extension  of 
previous  work  by  Maldison. 

As  noted  in  Chapter  1,  delay  to  aircraft  is  defined  as  the 
difference  between  the  actual  time  it  takes  in  aircraft  to 
operate  on  an  airfield  (or  component)  and  the  normal  time  it 
would  take  the  aircraft  to  operate  without  interference  from 
other  aircraft  on  the  airfield  (or  component.)  under  the 
specified  operating  conditions.  Therefore,  ielav  as  compute! 
by  the  model  is  equal  to  increases  in  travel  time 
attributable  to  congestion  on  the  airfield  and  in  the 
adjacent  airspace. 

Input  data  required  by  the  Delay  Simulation  Model  are 
summarized  below.  The  format  tor  input  data  is  defined  in 
paragraph  4. 3. 

o Logistics 

Number  of  runs 

Output  detail  desired 


[ ♦?RBC|I^INO  ^S_BLANK-NOT  FILMED. 
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Start  and  finish  times 

o Airfield  Layout 

Link  data  (network  description) 

Runways 

Exit  taxiways 

1 

iiwiuino  u i c u o 

General  aviation  basing  areas 
Runway/ taxi way  intersect  ions 

o Air  Traffic  Control 

Aircraft  separations 

Routine  data  (including  one-way  paths) 

o Aircraft  Parameters 

Approach  speeds 
Taxiing  velocities 

Arrival,  departure,  and  touch-and-go 
runway  occupancy  times 
Exit  taxiway  utilization 
Gate  service  times 

o Schedule  Data 

B ' 

Arrival  time 

Departure  time 
Gate  assignment 
Runway  assignment 

The  Delay  Simulation  Model  is  modular  in  structure.  Analysis 
of  the  total  airfield  or  its  individual  components  can  hr 
performed  by  manipulation  of  the  model  inputs.  Running  time 
for  the  model  is  dependent  on  the  level  of  aircraft  demand, 
the  number  of  repetitions  made,  and  the  complexity  ot  the 
airfield  geometry. 

4.1.1  Discussion  of  Terms 

Some  of  t.he  principal  terms  used  to  describe  the  Ionic  of  the 
Delay  Simulation  Mo  lei  are: 

1 

a)  Link.  A link  is  a space  on  the  airfield  that  can 
Vie  occupied  by  an  airplane.  The  length  of  each  link  is 
defined  by  the  user.  A link  can  only  hold  one  aircraft. 

b)  Node.  A node  is  the  common  point  between  two 
connecting  links. 

c)  Exit  Link.  An  exit  link  is  the  first  link  off  the 
runway  onto  the  exie  taxiway. 
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d)  Ta xiwa y I.ink . A taxiway  link  is  a subsection  of  a 
taxiway.  Normally,  taxiway  links  are  made  approximately 
equal  to  the  lenqth  of  the  lonqest  aircraft  using  the 
ta  xi  way. 


e)  eat e Link.  A qate  link  is  the  section  of  terminal 
apron  an  aircraft  occupies  while  loading  and  unloading 
passengers. 


f)  Basing  Area  Link.  A basing  area  link  corresponds 
to  a parking  area  for  rion-schedul  ed  aircraft  (e.q.,  general 
aviation  and  military).  The  entire  basing  area  is 
represented  by  one  link. 


g)  Holding  Area  I, ink.  A holding  area  link  is  a 
location  on  the  airfield  where  air  carrier  aircraft  can  he 
sent  to  wait  for  a gate  to  become  available.  This  is 
sometimes  called  a penalty  box. 

h)  Pushback  Link.  A pushback  link  is  the  location  on 
the  apron  where  an  aircraft  sits  after  initially  moving  off 
the  gate  while  the  tractor  is  being  unhooked.  Each  pushback 
link  is  associated  with  a gate  link. 


i)  Departure  End  Li nk.  A departure  end  link  is  the 
link  ajoining  the  threshold  of  a runway  used  by  departure 
aircraft;  i.o.,  it  is  the  location  a departure  aircraft 
occupies  while  waiting  for  clearance  to  take  off. 

i)  Runway  Crossing  Link.  A runway  crossing  link  is 
the  location  on  a taxiway  (which  crosses  a runway)  where  the 
decision  is  made  to  let  the  aircraft  cross  the  runway.  Tt  is 
not,  in  general,  the  section  of  taxiway  that  physically 
crosses  the  runway. 

k)  Route.  A route  or  path  is  a continuous  set  of 
links  defining  how  aircraft  travel  over  the  airfield  when 
going  from  link  A to  link  B;  e.q.,  exit  R1  to  gate  F6  or  link 
10  to  link  20. 


1)  Pi  motional.  A link  may  be  thought  of  as  being 
directional  if  during  the  complete  simulation  run  aircraft 
only  enter  it  from  one  end;  e.q.,  the  right  end.  This 
implies  that  aircraft  only  move  in  one  direction  on  this 
link;  e.q.,  right  to  left. 

in)  Nondrrect  ional.  A link  may  be  thought  of  as  heincj 
nondi rectional  if  sometime  during  the  simulation  run  aircraft 
en^er  it  from  loth  of  its  ends;  e.g.,  an  aircraft  enters 
going  from  tight  to  left  and  sometime  later  an  aircraft 
enters  going  from  left  to  righ^. 

n)  One-way  Path.  A one-way  path  is  a series  of 
nondiroctional  links;  i.e.,  it  is  a set  of  links  that  for 
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certain  movements  have  to  be  treated  as  a single  link.  One- 
way paths  often  occur  in  the  taxiway  between  pier  fingers  of 
a terminal  building  hut  can  occur  at  other  places  on  the 


airfield.  A one-way  path  is  analogous  to  a one  lane  highway 
bridge.  Traffic  cannot  move  onto  the  one-way  path  unless  tiv* 
path  is  clear  to  move  completely  across.  Tt  is  called  a one- 
way path  because  traffic  can  only  move  on  it  "onQ-way"  a*  a 
given  time. 

o)  Pushback  One-way  Path.  This  is  a one-way  na*\h 
which  may  be  provided  for  an  aircraft  to  enter  when  leaving 
its  gate. 

p)  Random  Number  Seed.  A random  number  seei  is  a 
number  that  is  used  to  produce  a random  distribution  of 
probabilities.  Each  random  number  seed  produces  a unique  set 
of  probabi li ties. 


4. 2 Model  Logic 

The  Delay  Simulation  Model  is  a series  of  logical  expressions 
for  moving  arrival  aircraft  from  the  terminal  airspace 
through  the  merge  point  (outer  marker)  to  the  gate  or  basing 
area,  and  departures  from  the  gate  or  basi  ig  area  to  the 
departure  runway  and  back  into  the  terminal  airspace. 


4. 2. 1 Overview  of  Aircraft  Movement  Logic 


Arrival  processing  by  the  model  starts  at  the  entry  to  the 
common  approach  path.  For  commerical  aircraft  this  is 
usually  the  outer  marker.  For  each  arrival  aircraft,  an 
approach  speed  is  assigned  from  an  empirical  distribution 
according  to  the  aircraft  class.  For  each  arrival  nair, 
interarrival  times,  approach  speeds,  and  wake  turbulence 
characteristics  are  checked  so  that  sufficient  separation 
exists  on  the  common  apj roach  path. 


As  each  aircraft  arrives  over  the  threshold,  an  exit  taxiway 
and  associated  runway  cccupanc/  time  is  assigned  to  the 
aircraft.  These  assignments  are  based  on  empirical 
distributions  which  take  into  account  such  factors  as  exi’- 
location  anu  type,  aircraft  class,  condition  of  the  runway, 
and  weather.  The  aircraft’s  routing  to  the  gate  or  basing 
area  is  established  in  the  following  manner.  As  an  air 
carrier  aircraft  exits  the  runway,  a check  is  made  on  the 
availability  of  a gate  of  the  correct  size  which  belongs  to 
the  airline  to  which  this  aircraft  is  assigned.  Tf  an 
appropriate  gate  is  be  available,  the  aircraft’s  rou’f  to  the 
gate  is  determined  from  input  data  based  on  the  ->xit  taxiway 
used  and  the  gate  location.  In  the  event  a gate  is  not 
available,  the  aircraft,  is  routed  to  a holding  area  where 
further  checks  on  gate  availability  are  made.  In  the  oas^  of 
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general  aviation  or  military  aircraft,  the  aircraft's  route 
to  the  basing  area  is  assigned  on  the  basis  of  the  exit 
taxiway  used  and  the  location  of  the  basing  area. 

Once  an  aircraft's  route  to  the  gate  or  basing  area  has  been 
established,  the  aircraft  is  moved  along  its  route  from  link- 
to-link  on  the  airfield  network..  Each  link  has  an  assigned 
occupancy  time.  When  an  aircraft  is  ready  to  enter  the  next 
link,  checks  are  made  to  determine  whether  the  next  link  on 
the  route  is  available  or  occupied  by  another  aircraft.  If 
the  next  link  is  occupied,  the  aircraft  is  not  moved  until 
the  link  is  vacated.  Thus,  the  travel  time  is  increased  for 
the  particular  aircraft,  and  delay  is  incurred.  When  the 
aircraft  reaches  its  gate,  a gate  occupancy  time  is  assigned 
from  empirical  distributions  and  is  added  to  the  gate  arrival 
time.  This  information  determines  the  earliest  time  at  which 
the  aircraft  could  leave  the  gate.  The  empirical 
distributions  for  gate  occupancy  time  may  reflect  the  typical 
bunching  of  the  schedules  of  air  carrier  departures. 

When  an  aircraft  is  ready  to  leave  the  gate,  a check  is  made 
to  insure  that  the  ramp  area  is  clear  for  pushback.  The 
route  to  the  departure  runway  is  determined  by  the  aircraft’s 
basing  area  or  gate  location,  the  aircraft  class,  and  the 
departure  runways  in  use  at  that  particular  time. 

In  the  case  of  general  aviation  and  military  aircraft,  when 
the  aircraft  reaches  the  basing  area,  it.  is  assumed  to  have 
left  the  system.  This  assumption  is  necessary  because  of  the 
unstructured  nature  of  general  aviation  and  military 
operations  on  the  apron. 

When  an  aircraft  reaches  the  threshold  of  the  deoarture 
runway,  compliance  with  air  traffic  control  practices  is 
checked  and  confirmed  before  the  aircraft  is  cleared  for 
takeoff.  The  following  checks  are  made: 

o Has  the  previous  arrival  cleared  the  runway? 

o Is  there  sufficient  separation  from  the  next 
incoming  arrival? 

o Is  there  sufficient  separation  from  the  previous 
depart  ure ? 

If  all  these  checks  are  positive,  the  aircraft  is  cleared  for 
takeoff. 


4.2.2  Aircraft  Movement  Lonjc  Detai Is 

a.  Arri  va  Is.  An  arrival  aircraft,  desiring  to  enter 
the  common  approach  path  must  have  the  specified  separation 
from  aircraft  on  the  same  runway  or  dependent  runways  before 
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it  can  advance  on  the  common  approach  path.  If  this 
separation  is  not  available,  the  arrival  is  delayed  until  the 
specified  separation  can  be  achieved.  This  results  in  an 
alteration  of  the  scheduled  arrival  time  and  an  accumulation 
of  delay.  When  an  arrival  comes  over  the  runway  threshold  an 
exit  is  chosen  by  a cumulative  probability  distribution  (CPD) 
based  on  the  aircraft  class  and  runway.  The  runway  occupancy 
time  is  a function  of  the  distance  of  the  exit  chosen  from 
the  runway  threshold  and  of  the  aircraft  class.  Arrivals  are 
assiqned  a gate  when  they  exit  from  the  runway.  If  a 
suitable  gate  is  not  available  (see  Gate  Selection  below)  , 
the  aircraft  is  sent  to  a holding  area.  Having  found  a qate 
or  holding  area,  a specific  path  is  allocated  to  the  aircraft 
for  its  movement  between  the  exit  and  the  qate  or  holding 
area. 


b.  Ga te  Selection  and  Holding  Areas.  Gates  are 
defined  by  airline  and  aircraft  class  (size).  An  aircraft 
may  use  a gate  of  a larqer  aircraft  size  of  the  same  airline. 
Gates  are  examined  for  availability  in  order  of  the  preferred 
gate,  gates  of  the  same  aircraft  size,  gates  of  the  next 
larger  aircraft  size,  up  to  the  gate  of  the  largest  aircraft 
size.  Available  gates  are  those  which  are  unoccupied  and  not 
currently  assigned  to  arriving  aircraft  taxiing  toward  them. 
If  a gate  is  unoccupied,  the  possibility  of  another  aircraft 
already  taxiing  to  that  gate  is  checked.  It  no  qates  are 
available,  the  aircraft  is  sent  to  a holdinq  area,  and  the 
time  a suitable  gate  will  be  available  is  recorded. 


c.  Taxi-in.  A taxiing  aircraft  moves  along  a path 
that  lies  between  pairs  of  airport  locations  as  follows: 


Runway  exits  and  qates 


Runway  exits  and  basing  areas 


Runway  exits  and  holdinq  areas 


Holding  areas  and  qates 


A path  is  composed  of  a series  of  links.  A link  may  belong 
to  many  paths,  and  a link  may  cross  a runway.  Only  one 
aircraft  is  allowed  to  occupy  a link  at  any  one  time. 
Aircraft  can  only  enter  a link  from  its  ends. 


The  time  to  taxi  across  a link  is  constant.  This  time  can  be 
calculated  from  the  link  length  and  taxi  velocity,  or  it  can 
be  input  directly. 


When  it  is  time  tor  the  aircraft  to  advance  to  the  next  link 
on  a path,  the  link  is  examined  to  determine  if  it  is 
occupied.  If  occuoied,  the  appropriate  delay  is  computed. 

If  unoccupied,  the  aircraft  is  moved  to  this  link  and  its 
next  event  time  is  established  by  the  time  taken  to  travel 


the  link.  The  next  link  on  a path  may  not  be  available  for 
usage  for  several  other  reasons: 


f 


I 


(1)  The  link  is  the  start  of  a one-way  path. 

(2)  The  link  is  the  start,  of  a pushback 

one-way  path.  (See  Pushback  below.) 

(3)  The  link  crosses  a runway.  (See  4.2.3.) 

If  the  link  to  be  entered  is  the  start  of  a one-way  path,  the 
model  checks  to  see  that  all  of  the  links  on  the  one-way  path 
are  unoccupied  before  allowing  the  aircraft  to  move.  If  one 
of  the  links  of  tha  one-way  path  is  occupied,  the  model  will 
determine  the  direction  in  which  the  aircraft  occupying  the 
one-way  path  is  traveling.  If  aircraft  x,  occupying  one  of 
the  links  on  a one-way  path,  is  going  in  the  same  direction 
as  aircraft  y wishing  to  enter  the  one-way  path,  the  model 

will  allow  aircraft  y to  enter  the  one-way  path.  It  aircraft, 

x is  going  in  the  opposite  direction  of  aircraft  y,  aircraft 
y is  delayed  until  the  one-way  path  is  unoccupied. 

If  a physical  taxiway  is  wide  enough  to  accommodate  aircraft 
going  in  opposite  directions  simultaneously,  the  taxiway 
should  be  considered  as  two  independent  taxiways  and  divided 
into  directional  and  non-di rect iona 1 links  as  appropriate. 

d.  Gate  Operat ions.  The  gate  service  time  for  each 
aircraft  is  computed  from  a normal  distribution.  Each 
aircraft  class  has  its  own  distribution  function  specified  by 
a mean  and  standard  deviation.  When  an  aircraft  reaches  its 
gate,  a gate  service  time  is  added  to  the  actual  arrival  time 
to  determine  the  earliest  possible  departure  time.  Th° 
actual  departure  time  is  the  later  of  the  earliest  possible 
departure  time  and  the  scheduled  departure  time. 

e.  Pushback.  The  pushback  operation  is  the  first 
event  on  leaving  the  gate.  Pefore  a pushback  is  started,  a 
check  is  made  to  determine  if  a pushback  one-way  path  has 
been  defined  for  this  gate.  If  a pushback  one-way  path  lias 
been  defined  for  this  gate,  the  mcdel  checks  to  see  that  none 
of  the  links  between  the  gate  and  the  start  of  the  pushback 
one-way  path  is  occupied  by  an  incoming  aircraft.  If  ie  is, 
the  pushback  is  delayed  until  the  arrival  aircraft  has 
reached  its  gate  or  has  passed  the  pushback  link.  The 
pushback  one-way  path  is  then  checked  again  for  occupancy  by 
an  arriving  aircraft. 

A one-way  path  used  for  pushback  operations  can  have  several 
entry  points  (as  opposed  to  a single  link  which  can  have  only 
two  entry  points).  If  a pushback  one-way  path  is  composed  of 
N links,  it  can  have  N*1  entry  points;  i.e.,  it  can  be 
entered  from  one  end  and  at  the  beginning  of  each  link. 

f.  Taxi-out.  A taxiing  aircraft  moves  along  a path 
between  a gate  or  basing  area  and  a departure  runway.  The 
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logic  for  tnovinq  aircraft  from  link  to  link  is  identical  to 
that  described  in  4.2.2c  above. 


q.  Takeoff.  When  a departure  reaches  the  departure 
end  link  trie  runway  traffic  is  checked  to  determine  whether 
the  departure  can  enter  the  runway  and  take  off  in  adherence 
to  air  traffic  control  jrocedures  specified.  Tf  the 
departure  cannot  fulfill  all  the  air  traffic  control 
procedures,  it  is  delayed  till  favorable  conditions  exist. 

To  prevent  excessive  de^>arture  queues  and  delay,  the  model 
checks  to  see  if  the  takeoff  queue  is  larger  than  a specified 
lenqth,  say  five  aircraft.  It  these  conditions  exist,  the 
model  will  insert  a time  qap  in  the  arrival  stream  for  that 
runway  and  any  dependent  runways.  The  time  qap  is  inserted 
before  the  next  plane  due  to  arrive.  (The  order  of  arrival 
for  that  runway  in  the  schedule  is  not  changed.) 

h.  Touch-and-Go.  A touch-and-qo  operation  only 
affects  the  common  approach  path  and  the  runway.  The  touch- 
and-qo  runway  occupancy  time  is  qiven  by  a normal 
distribution  for  each  aircraft  class. 

i.  Genera  1 Aviation  (G/A) . Each  qeneral  aviation 
basinq  area  is  considered  to  have  an  infir.ite  capacity. 
General  aviation  arrivals  taxi  to  the  basina  area  and  are 
then  terminated.  General  aviation  departures  must  be 
included  separately  in  the  schedule. 


The>  air  traffic  control  separation  loqic  applies  only  to 
aircraft  operating  on  or  to  runways,  and  controls: 

Runway  Occupancy 
Arrival-Arrival  Separation 
Departure-Departure  Separation 
Depa rture-Arrival  Separation 
Arrival-Departure  Separation 

Separation  standards  are  input  for  each  lead  and  trail 
aircraft  class  pair  (e.q.,  a C class  aircraft  followed  by  a E 
class  aircraft)  for  a single  runway  and  ary  dependent 
runways.  Separation  standards  are  defined  by  tour  2 x 16 
matrices  of  mean  and  standard  deviation  values. 

Arri val s have  first  priority  tor  use  or  ehe  runways.  Before 
an  arrival  is  permitted  to  land,  its  runway  is  checked  to  se<* 
that  a previous  arrival  is  not  occupying  the  runway,  and  that 
the  specified  separation  exists  from  the  previous  arrival  on 
that  runway.  The  model  also  checks  -to  see  that  the  specified 
separation  exits  on  any  d^penden^-  (i.e.,  parallel, 
intersecting,  etc.)  runway. 
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For  single  and  dependent  runways,  priority  between  arrival 
operations  for  use  of  the  common  approach  path  is  determined 
by  their  event  time  (minute  and  hundreth  of  a minute).  The 
event  time  is  the  sum  of  the  input  schedule  arrival  time  and 
delay  im{>osed  from  other  aircraft. 

The  Delay  Simulation  Model  will  permit  simultaneous  arrivals 
on  close  spaced  parallel  runways  unless  a small  or  large 
aircraft  trails  a heavy  aircraft.  In  this  case,  the  small  or 
large  aircraft  is  sequenced  behind  the  heavy  aircraft  with  a 
separation  assigned  by  the  model  inputs  that  reflect  wake 
turbulence  separation. 

Departures  have  second  priority  for  use  of  the  runways. 

Before  a departure  is  permitted  to  occupy  the  runway  and  take 
off,  the  following  checks  are  made: 

a.  The  runway  is  not  occupied  by  an  arrival  or 
previous  departure. 

b.  The  specified  separation  exists  between  the 
departure  and  the  next  arrival  on  the  takeoff  or  dependent 
runway. 


c.  The  specified  separation  exists  between  the 
departure  and  the  previous  departure  on  the  takeoff  or  depen- 
dent runway. 

For  dependent  runways,  priority  between  departure  operations 
for  use  of  the  runways  is  determined  by  the  time  they  arrive 
at  the  departure  end  link  and  by  conformance  with  the 
specified  air  traffic  control  separations.  For  example,  if  a 
departure  on  one  runway  cannot  be  cleared  because  of  air 
traffic  control  separations,  the  model  checks  to  see  if  a 
departure  on  the  dependent  runway  could  be  cleared. 

Runway  crossings  have  the  lowest  priority  for  use  of  the 
runway.  A runway  crossing  can  occur  if: 

a.  The  runway  is  not  occupied  by  an  arrival  or 
departure. 

b.  No  departures  are  waiting  to  use  the  runway. 

c.  The  aircraft  can  cross  the  runway  before  the 
arrival  comes  over  the  threshold. 

The  model  will  permit,  multiple  aircraft  to  cross  the  runway 
between  arrival  or  departure  operations.  If  a runway  is 
operating  at  capacity,  it  will  be  very  difficult  to  cross  the 
runway.  The  arrival  or  departure  must  be  clear  of  the  runway 
before  the  taxiing  aircraft  can  cross  the  runway. 


4.2.4  Aircraft.  Descript  ions 


Four  classes  (or  types)  of  aircraft  can  he  identified  with 


the  Delay 

Simulation 

Mode  1 

. A recommended  set  is: 

Type 

Number 

Class 

Letter 

Description 

1 

D 

Heavy  jet;  B747,  DC10,  L1011, 
DC8-61,  B707-3 

2 

C 

Large 

aircraft;  B727,  H7I7,  DC-4, 

evs  a 

) 

B 

Small 

twin-engine  aircraft;  BF94, 

LR2S 

4 

A 

Small 

single-engine  aircraft;  C1S0 

, BTS2  3 

Aircraft  are  identified  to  the  model  by  their  type  number. 

In  general,  any  definition  of  aircraft  classes  is  oossihle 
subject  to  the  constraint  that; 

type  1 aircraft  are  larger  than  «-ype  2, 

type  2 aircraft  are  larger  than  typ°  1,  ini 

type  3 aircraft  are  larger  than  typ°  U, 

This  condition  is  necessary  for  the  qatr‘  looic  where  it  is 
assumed  that  an  aircraft  can  use  a qate  for  its  type  number 
or  of  a lower  type  number. 

Four  flight  types  are  available  tor  use  with  the  Delay 
Simulation  Model.  They  are: 


Flight  Type 
Number 

1 

2 

1 

4 

5 


Description 
Originating 
Terminating 
This  value  unassigned 
Turnaround 
Touch-and-Oo 


While  an  aircraft  is  being  moved  within  the  model,  it  is 
assigned  a status  as  listed  below. 


Aircraft 

State 

Number 


Description 


Not  Arrived 


Queued 


On  Way  to  date 


In  Gate 


On  Way  to  Takeoff 
Taken  Off 


In  Pushback  from  Gate  to  Takeoff 


In  Holding  Area 

In  Pushback  from  Holding  Area 
to  Gate 


4.  2.  5 Schedule  of  Operations  (i.e.  . Aircraft.  Demand} 

The  schedule  data  consists  of: 

airline  code 
flight  number 
aircraft  type 
flight  type 

scheduled  arrival  time  at  threshold 
scheduled  departure  time  from  qa*"0 
preferred  gate 

arrival  and  departure  runways 

The  scheduled  arrival  times  used  by  the  model  are  arrival 
times  at  the  threshold.  The  input  arrival  time  should  take 
into  account  the  desired  arrival  time  as  reflected  in  the 
Offical  Airline  Guide  (OAG)  and  delays  due  to  the  oriainating 
airport  and  enroute  airspace.  This  can  be  accomplished  by 
manually  applying  a "lateness  distribution"  to  the  desired 
arrival  times. 

The  scheduled  arrival  times  do  not  include  delays  due  to 
airfield  congestion.  The  time  at  which  an  arrival  is 
observed  to  cross  the  threshold  in  actual  operation  includes 
delay  due  to  airfield  congestion  and  therefore  differs  from 
scheduled  arrival  time. 

The  runway  use  strategy  is  determined  by  the  designation  of 
arrival  and  departure  runways.  For  multi{ le  runway 
geometries,  the  user  should  make  an  effort  to  decide  which 
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runway  an  operation  would  use  based  on  the  origin  or 
destination  of  the  aircraft. 

General  aviation  aircraft  do  not  foLlow  fixed  arrival  or 
departure  schedules.  Ore  approach  in  determining  when  to 
schedule  general  aviation  demand  durinq  an  hour  is  to 
randomly  distribute  the  general  aviation  demand  over  the  hour 
in  accordance  with  a standard  probability  function. 

At  the  beginning  of  each  run,  the  model  assumes  that  no 
aircraft  are  on  the  airfield.  Traffic  begins  to  build  up  on 
the  airfield  according  to  the  aircraft  schedule.  It  is 
recommended  that  at  least  the  first  hour  of  a run  be  used  to 
impose  an  initial  load  on  the  airfield  system. 


4.2.6  AirE>ort  Geometry 

The  geometry  of  the  airport  is  entered  in*-o  the  model  in  the 
form  of  a series  of  numbers  from  a "link-node  diagram. " 

Figure  4-la  illustrates  an  airfield  geometry  containing  two 
parallel  runways.  Figure  4-1b  is  a link-node  diagram 
developed  from  this  geometry.  The  technique  is  to  break  the 
taxiway  network  into  a series  of  numbered  links.  Link  length 
should  not  be  shorter  than  the  length  of  the  largest  aircraft 
using  the  taxi way.  The  link-node  diagram  assists  in  defining 
paths  from  runway  to  gates  or  holdinq  areas,  and  from  gates 
to  runways. 

The  following  relates  to  the  development  of  a link-node 
diagram: 

a.  The  model  treats  an  active  runway  as  a single  link. 
Runways  that  are  only  used  as  taxiways  car:  be  divided  into 
links. 

b.  A runway  can  only  have  one  departure  end  link. 

c.  Runway  exits  cannot  he  defined  as  departure  end 
links.  (If  they  are,  the  arrival  will  land,  exit  and 
immediately  take  off.) 


d.  Even  if  identifiable  holding  areas  (or  penalty 
boxes)  do  not  physically  exist  on  the  airport,  some  provision 
should  be  made  for  holdinq  areas  on  the  airfield  in  the  link- 
node  diagram.  This  would  account  for  the  ability  to  hold 
aircraft  on  taxiways. 

e.  Two  basic  kinds  of  taxiway  intersections  can  be 
modeled;  i.e.,  Y and  lir.k-node.  A Y intersection  is  one  at 
which  all  the  links  coming  into  the  intersection  are 
directional.  This  is  illustrated  in  Figure  4-2  (a)  . A link- 
node  intersection  allows  opposing  traffic  to  approach  the 
intersection  and  continuing  in  a common  direction.  A link- 
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node  intersection  is  one  where  the  intersection  node  must  he 
treated  as  a link.  This  is  illustrated  in  Figure  4-2  (b) . 

f.  The  link  after  a runway  crossinq  link  can  he 
defined  to  give  the  desired  separation  between  hold  lire  and 
runway  edqe,  and  clearance  across  the  runway. 

The  link-node  diagram  can  he  used  to  incorporate  some 
operational  characteristics.  The  following  are  some  typical 
examples : 

a.  Bi- direct ional  Ocerat ions.  By  defininq  a single 
runway  as  two  dependent  runways  in  the  link-node  diagram  and 
defininq  the  appropriate  departure-arrival  and  arrival- 
departure  separations,  bi-directicna 1 operations  on  a single 
runway  can  be  modeled. 

b.  Intersection  Ta k eo f I s . By  defining  a single  runwa 
as  two  dependent  runways  (e.  g.  , Runway  1 and  Runway  2)  in  th 
link-node  diagram,  assigning  departure  end  links  to  each 
runway,  intersection  takeoffs  can  be  modeled.  This  requires 
that  the  following  air  traffic  control  separation  matrioios 
be  defined: 

Arrival- Arrival 

Runway  1 on  Runway  1 
Runway  1 on  Runway  2 
Runway  2 on  Runway  1 

Departure-Departure 

Runway  1 on  Runway  1 
Runway  1 on  Runway  2 
Runway  2 on  Runway  1 

Departure- Arrival 

Runway  1 on  Runway  1 
Runway  1 on  Runway  2 
Runway  2 on  Runway  1 


Arri va 1-Departure 

Runway  1 on  Runway  2 
Runway  2 on  Runw’ay  1 

c.  Ta xiway  Intersection  Clearance  strategy.  Normally, 
the  model  gives  the  first  aircraft  to  a taxiway  intersection 
priority  to  cross  through  the  intersection.  However,  by 
judiciously  defining  link  length  and  by  using  one-way  Daths, 
priority  can  be  given  to  operations  on  one  taxi way  over 
operations  on  another  taxiway. 

d.  Runway  Crossing.  The  model  requires  that  a 
crossinq  operation  occur  before  the  next  arrival  comes  over 
the  threshold.  It  does  not  specify  any  separation  between  a 
crossing  aircraft  and  incoming  arrivals.  For  crossings  near 

il 
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the  threshold,  a separation  between  the  crossing  aircraft  and 
the  arrival  can  be  achieved,  in  effect,  by  specifying  a 
longer  length  for  the  link  after  the  runway  crossing  link 
than  is  actually  present.  It  would  also  be  necessary  to 
specify  a shorter  distance  for  the  next  taxiwav  link  in  the 
path  to  compensate  for  the  time  distortion. 


Pe 1 ay  Computation 

The  elements  of  delay  produced  by  this  program  are  defined 
below.  Total  delay  is  the  sum  of  these  quantities. 

Arri va 1 runway  delay  - the  difference  between  actual 
time  of  landing  and  the  time  of  landing  computed  from 
the  schedule. 

Departure  runway  delay  - the  time  difference  between 
the  start  of  takeoff  rcll  and  the  time  the  aircraft- 
reached  the  takeoff  runway  or  the  departure  queue. 

Arrival  gate  delay  - delay  caused  by  gates  not  heing 
a vai lable. 

Departure  gate  delay  - delay  caused  by  the  pushback 
link  being  occupied. 

Taxi- in  delay  - delay  (except  runway  crossings) 
incurred  when  attempting  to  move  to  the  nex*-  link  on  a 
path  leading  to  a gate  or  holding  area. 

Taxi-out  delay  - delay  (except  runway  crossings) 
incurred  when  attempting  to  move  to  the  next  link  on  a 
path  leading  to  a takeoff  runway  but  excluding 
departure  queue  delay. 

Ta xi- in  runwa y crossing  delay  - delay  encountered  by  an 
aircraft,  on  the  way  to  a gate  or  holding  area  while 
attempting  to  cross  a runway. 

Taxi -out  runway  crossing  delay  - delay  encountered  by 
an  aircraft  attempting  to  cross  a runway  on  the  way  to 
a takeoff  runway. 

An  attempted  movement  may  be  delayed  more  than  once.  Delays 
are  ignored  it  they  are  less  than  .005  minutes. 

Because  certain  model  parameters  aie  stochastic  in  nature 
(time  variant  and  random),  the  result  of  applying  one  random 
number  seed  is  equivalent  to  the  operation  of  an  airfield  for 
only  one  time  interval  (e.g.,  a few  hours  or  1 day).  T n 
order  to  arrive  at  average  or  typical  values  for  day-to-day 
variations  of  airfield  operation,  it  is  necessary  to  employ 
several  different  random  number  seeds  for  each  run  of  the 


model.  The  output,  of  t.he  model  is  automatically  averaqed 
across  all  random  number  seeds  to  represent  the  average 
operational  characteristics  (flow  rates,  delays,  etc.)  of  the 
airfield.  A preliminary  analysis  was  made  of  the  number  of 
random  number  seeds  required  to  attain  the  stochastic 
convergence  necessary  to  obtain  outputs  representative  of 
typical  airfield  operations.  This  analysis  showed  that  at 
least  fiv«  runs  are  necessary  to  attain  reasonable 
convergence  for  each  fixed  set  of  input  parameter  values. 

Ten  runs  are  recommended. 


4. 2. 8 Flow  Rate  Computation 

Flow  rate  is  measured  by  the  Delay  Simulation  Model  as  the 
number  of  operations  that  pass  a point  on  the  airfield  within 
an  hour.  since  several  random  number  seeds  may  be  used  in  a 
given  run,  the  output  flow  rate  is  the  average  flow  rate  over 
all  random  number  seeds. 

The  Delay  simulation  Model  updates  the  flow  rate  counting 
mechanism  when  an  aircraft  passes  one  of  the  following  points 
on  the  airfield. 


Type  of 
Flow  Rate 


Point  Where  Measured 


Arrival 


Threshold 


Departure 


Off  Runway 


Touch-and-go 


threshold 


On -gate 


Gate  Arrival 


Off-gate 


On  Completion  of  Pushback 


Taxi-in 


Runway  Exit 


Taxi-out 


Of  t -gate 


The  grand  total  flow  rate  on  the  runway (s)  is  computed  by: 

qranl  total  flow  = arrival  flow  rate  + departure  flow  rate 
♦ (2  x touch-and-go  flow  rate) 


4.2.9  Travel  Time  Computation 


Travel  time  is  computed  as  follows: 


a.  Arrivals  - tine  'to  go  from  runway  threshold  to  gate 
or  basing  area.  The  average  arrival  travel  time  per  hour 
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includes  only  those  arrivals  which  reach  their  qate  or  basing 
area  within  the  given  hour. 


b.  Departures  - time  to  go  from  gate  or  basing  area  to 
the  departure  runway  (and  cleared  to  takeoff).  The  average 
travel  time  per  hour  contains  those  departures  which  takeoff 
within  the  given  hour. 

It  should  be  noted  that  when  comparing  delays  for  several 
runway  use  configurations  that  the  differences  in  travel  time 
between  runway  use  configurations  are  also  forms  of  delay. 
Differences  in  travel  time  represent  the  additional  taxi  time 
required  by  one  runway  use  configuration  as  opposed  to  some 
other  runway  use  configuration. 


4.2. 10  Premature  Termination  of  Run 

^A.  model  run  will  be  prematurely  terminated  it  one  of  the 
following  conditions  occurs: 

a.  If  all  gates  and  holding  areas  are  full. 

b.  If  no  path  exists  from: 

exit  to  gate, 
exit  to  hold i no  area, 
holding  area  to  gate,  or 
crate  to  departure  runway. 

c.  If  an  airline  name  used  in  the  schedule  data  is  not 
defined  on  AIRLINF  NAMES. 

d.  If  the  same  olane  is  delayed  a*-  a link  SO  times  in  a 
row  without,  the  event,  time  being  advanced.  In  this  case  no 
model  statistics  will  be  output. 

e.  If  more  than  599  links  are  entered. 

f.  It  more  than  1400  paths  are  entered. 


4. 2. 1 1 Pa  ramete r Distributions 

Values  for  the  following  parameters  are  considered  to  be 
normally  distributed  between  the  limits  of  two  standard 
deviations  from  the  mean: 

Arrival-Arrival  Separation 
Arri  va  1-Dej>art  are  Separat  ion 
Depart  ure- Depart. ure  Sepa rat  ion 
Departure-Arrival  Separation 
Gate  Service  Time 
Departure  Runway  Occupancy  Time 
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Approach  Speed 

Touch~and-Go  Runway  Occupancy  Time 


Exit  taxiways  are  selected  according  to  an  input  empirical 
distribution  of  exit  utilization  percent  by  aircraft  class. 
This  distribution  defines  the  percent  of  each  aircraft  class 
that  will  use  each  exit. 

Values  for  the  following  parameters  are  considered  to  be 
equal  to  tne  mean  value: 

Length  of  Common  Approach  Path 
Arrival  Runway  Occupancy  Time  Per  Exit 
Taxiway  Velocity 


4.  3 Input  Format 

The  following  general  instructions  apply  to  preparing  inputs 
to  the  Delay  Simulation  Model: 

1.  Data  entry  requires  two  or  more  cards  depending 
on  data  type;  i.e.. 

Header  Card;  e.g.,  TITLF 

Data  Card  (s)  ; e.  q.  , I, AX  DELAY  ANALYSIS. 

2.  The  header  cards  have  to  be  exactly  as  given 
on  the  coding  form. 

3.  There  is  no  fixed  sequence  for  groups  of  header/ 
data  cards  except  that: 

RWY  NO.  OF  must  precede  RWY  NAMES  and 
RWY  END  LINKS 

AIRLINE  NAMES  must  precede  AIRLINE  GATES 

A/C  SCHEDULE  must  precede  A/C  SERVICE  TIMES, 
A/C  APPROACH  SPEEDS  and  AIRLINE  NAMES 

4.  Multiple  runs  can  be  made  with  onp  stack  of  cards. 
Place  replacement  header/data  cards  after 

the  COMPUTE  card  for  the  first  run. 

5.  Normally,  the  user  will  specify  FA  (or  FALSE)  for 
print  options  1,  2 and  3.  Print  option  4 has  beQn 
set  as  TRUE  in  the  model  code.  it.  is  recommended 
that  print  option  5 be  entered  as  FA  (or  FALSE) . 

If  print  option  5 is  TR,  the  model  will  s*-op  if 
two  aircraft  meet  nose-to-nose  on  a taxiway.  Tf 
print  option  5 is  FA,  the  model  will  print  i 
warning  message  if  this  situation  occurs  and  allow 
the  run  to  complete.  Print  option  6 should 
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entered  as  FA  unless  detailed  queue  information 
is  desired. 


The  normal  model  outputs  (delay,  travel  time  and  flow 
rate  statistics)  are  automatically  printed  for  every 
run. 

The  model  will  first  try  to  assign  an  aircraft  to 
its  preferred  gate.  If  that  qate  is  occupied,  it. 
will  try  to  assiqn  the  aircraft  to  a aate  of  the 
appropriate  airline  that  can  accommodate  the 
aircraft  size.  Since  class  C aircraft  can  use 
gates  for  C or  D type  aircraft,  it  is  advisable 
to  enter  the  qate  numbers  on  the  AIRLINE  GATES 
card  in  the  order  of  those  used  only  by  large 
aircraft;  i.e.,  those  used  by  class  C and  class  D 
aircraft,  followed  by  those  used  (only)  by  class  D 
aircra  f t. 

The  model  as  programmed  in  Version  2 accommodates 
up  to  the  following  array  sizes.  The  array  sizes 
can  easily  be  increased  in  the  program  DIMENSION 
statements  if  more  flexibility  is  required. 

a)  tour  active  runways 

b)  four  aircraft  types 

c)  20  airlines 

d)  simulated  run  times  of  24  hours 

e)  599  links 

f)  1400  paths 

g)  28,000  items  in  path  descriptions 


h) 

20 

one-way  paths 

i) 

25 

links  in  any  one-way  path 

1) 

10 

qeneral  aviation  qate  areas 

M 

20 

gates  per  airline 

1) 

10 

folding  areas 

m) 

10 

runway  crossing  links 

n) 

200 

runway  exits 

o)  10  random  number  seeds  per  run 
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Routing  Path  Data: 


a)  Routes  are  required  from: 

exits  to  gates 

exits  to  basing  areas 

exits  to  holding  areas 

holding  areas  to  gates 

gates  to  departure  end  links 

basing  areas  to  departure  end  links 

b)  Taxiway  routes  are  defined  as  a series  of 

connecting  links.  Links  can  be  of  any  length. 
Usually,  the  length  of  a link  is  deter- 
mined such  that:  (1)  it  can  hold  the 

longest  aircraft  expected  to  use  the  route, 
and  (2)  the  sum  of  the  link  lengths  equals 
the  length  of  the  taxiway  section. 

c)  A runway  is  not.  divided  into  links. 

d)  A runway  can  only  have  one  denar fure  end  link. 
Departure  end  links  are  associated  with  run- 
ways by  the  sequence  in  which  they  are  entered 
on  the  RUNWAY  FND  LINKS  carl;  i.e.,  the  end  link 
in  cc  1-8  is  assigned  to  Runway  1,  cc  9- It 

is  assigned  to  Runway  2,  etc. 

e)  A departure  end  link  cannot  also  he  an 
exit  link. 

f)  All  holding  area  links  should  be  located  in 
a common  area. 

g)  Do  not  enter  two  gate  links  on  a route; 

e.g.,  if  links  1 and  6 are  defined  as  gates, 
do  not  enter  a route  like  100  99  20  19 

6 18  17  1. 

h)  A runway  crossing  link  is  the  link  just  before 
the  runway  to  be  crossed.  The  link  that 
crosses  the  runway  should  be  long  enough,  to 
insure  adequate  clearance  before  and  after 
the  aircraft  crosses  the  runway. 

i)  Link  numbers  can  rang**  between  1 and  9999. 

One-way  Path  Data: 

a)  A link  can  be  part  of  many  one-way  [«ths. 

b)  A series  of  links  in  a path  can  be 
determined  to  be  non-directional  if  they 
are  used  in  another  path  in  reverse  order; 
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e.q.,  if  Path  10  consisted  of  links  1 2 
2 C 2 1 2 2 203  and  path  57  consisted 
of  links  20t  25  2U  23  22  21  21  09 
100,  links  20  21  22  are  non-diroct ional. 

Further  analysis  may  he  necessary  to  determine 
the  complete  set  of  non-dircetior.u  1 link#s  on 
this  taxiway. 

c)  If  a series  of  links  are  found  t0  he  non- 
directional  (see  above) , two  one-way 

paths  are  required  unless  the  series  of  links 
is  the  taxiway  feedinq  a series  of  qates. 

For  example,  if  links  20  21  22  23  24  and  25  are 
found  to  he  a continuous  set.  of  non-direct  ional 
links,  the  required  one-way  }va*-hs  are: 

20  21  22  23  24  25  and 

25  24  23  22  21  20 

If  a series  of  non-directior.al  links  is  the 
taxiway  feedinn  a series  of  qates,  a one-way 
nath  is  required  from  the  entrance  to  the  end 
of  the  one-way  path.  This  one-way  path 
will  serve  as  the  pushback  or.e-way  path 
for  each  qate. 

d)  Aircraft  may  not  enter  or  exit  the  middle 
of  a one-way  path  except  to  enter  or  push- 
back  from  a qate.  if  a one-way  path  serves 

a series  of  gates,  aircraft  can  only  enter  eh-> 
one-way  path  at  one  on  3.  Examples  of  one-way 
path  qeometry  and  irqut  data  are  shown  in 
Figure  4-4. 

e)  A series  of  linxs  that  form  a one-way  path 
cannot  he  input  as  two  or  more  one-way  oaths 
to  avoid  the  25  link  limit  on  the  number  of 
links  composinn  a one-way  pafh. 

10.  Schedule  Data: 


a)  The  scheduled  arrival  times  must  he  in  a merged 
sequence  from  earliest  to  latest;  i.°.. 


ARK TVAL 
17:05 
17*  OH 
17:15 
17:15 
17:20 


DEPARTURE 

1 H : 1 0 
0:  0 
IP:  30 
17:  55 
17:53 


b)  All  aircraft  which  oriaina<-e  a*  a gate;  i.e., 
flight  type  1,  must  be  at.  the  beqinninq  of  the 
schedu le. 
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c)  Arrival  and  departure  times  are  required  for 
through  flights;  i.e.,  those  which  arrive, 
occupy  the  qate  and  depart. 

d)  Enter  the  basing  area  number  as  the  preferred 
gate  of  a general  aviation  arrival  aircraft. 
General  aviation  arrivals  have  no  departure 
time.  General  aviation  arrivals  must  be 
entered  as  fliqht  type  2. 

e)  All  aeneral  aviation  departures  must  be  entered 
as  flight  type  1.  General  aviation  departures 
have  no  arrival  time. 

f)  Touch-and-go  operations  require  an  arrival  time 
but  no  departure  time.  Enter  0 tor  preferred 
gate. 

11.  Aircraft  Separation; 

a)  A set  of  aircraft  separation  matrices  are 
required  for  a single  runway  and  for  all  depen- 
dent runway  pairs. 

b)  Each  set  of  aircraft  separation  matrices  may 
consist  of  individual  matrices  for; 

Arri val-Arrival  Separation  in  nautical  miles 

Departure-Departure  Separation  in  minutes 

Departure-Arrival  Separation  in  nautical  miles 

Arrival-Departure  Separation  in  minutes 

c)  Each  matrix  contains  separation  values  (i.e., 
mean  and  standard  deviation)  for  given  lead 
and  trail  aircraft  type  pairs;  i.e.,  up  to  16 
pairs  of  separation  values. 

d)  Only  those  elements  in  a separation  matrix  that 
are  required  by  the  schedule  data  need  be 
input.  For  example,  if  no  type  1 aircraft  were 
in  the  schedule,  no  separations  involving  type 

1 aircraft  need  be  entered. 

e)  Only  those  separation  matrices  required  by  the 
schedule  data  need  be  input.  For  example,  if 
all  arrival  operations  are  on  Runway  1 and  all 
departure  operations  on  Runway  2 and  Runways 

1 and  2 are  dependent,  departure-arrival  separa- 
tion values  for  Runway  2 on  Runway  1 are 
required  but  arrival-arr ival,  departure- 
departure  and  arrival-departure  separations  for 


Runway  1 on  Runway  2 and  Runway  2 on  Runway  1 
as  well  as  the  departure-arrival  separation  for 
Runway  1 on  Runway  2 are  net  required.  The  full 
set  of  separation  matrices  for  a sinqle  runwav 
would  be  required. 


Separation  matrices  for  a sinqle  runway  should 
be  entered  as  Runway  1 on  Runway  1.  This  s^t 
of  matrices  is  used  for  all  sinqle  runways. 
Therefore,  separation  matrices  for  Runway  2 on 
Runway  2,  Runway  3 on  Runway  3,  etc.,  are  not 
required. 


The  input  arrival-arrival  separation  by  aircraft- 
pair  REPAR(I,J)  can  be  determined  from  observed 
separations  over  threshold  as  follows: 


IF  VI  S VJ: 

SEPAR(l.J)  = OTS  (I , J)  x VJ/60 


IF  vi  > VJ: 
SEPAK (I, J) 


velocity  of  lead  arrival  in  nautical 
miles 

velocity  of  trailinq  arrival  in 
nautical  miles 

( I , J ) = observed  time  separation  over 
threshold  between  aircrafts  T and 
J in  minutes 

length  of  common  approach  noth  for 
the  trailinq  arrival. 


The  input  arrival-arr iva 1 separation  tor  the 
Runway  Capacity  Model  is  related  to  the  input 
arrival-arrival  separation  for  the  Delay  Simu 
lation  Model  by  the  equation: 


SEPAR  (I , J)  = DLTA(I,J)  ♦ SIGAA(I,J)  x F(PV) 


SIGAA(I,J)  = standard  deviation  of 

arrival-arr iva 1 separation 
for  aircraft  I and  J in  n.mi 
F(PV)  = number  of  standard  deviations  to 
he  protected 


Random  number  seeds  should  be  at  least  a four 
digit  number;  e.q.,  3001. 


13.  A pre-processor  is  described  in  Appendix  E for 
preparing  routing  data  inputs.  Use  of  this 
pre-processor  will  substantially  reduce  the  effort 
required  to  prepare  routing  inputs. 

14.  Sample  job  control  cards  are  shown  in  Figure 

4-5.  NOTE:  The  schedule  data  must  be  read 

from  a previously  created  file  NU2  on  unit  8. 
However,  the  header  card  AIRCRAFT  SCHEDULE  must 
go  with  the  bulk  data. 

15.  Data  which  is  to  be  entered  in  decimal  format 
can  be  placed  any  where  in  the  indicated  carl 
columns.  Data  which  is  entered  in  integer 
format  must  be  right,  justified.  Data  which  is 
entered  in  alphanumeric  format  must  be  left 
justified. 

The  following  is  a description  of  how  to  prepare  inputs 
for  the  Delay  Simulation  Model  Version  2.  A sample  input 
form  illustrating  this  information  is  shown  in  Figure  4-6. 

(LJ)  = Left  Justified 
(RJ)  = Riqht  Justified 
cc  = Card  Column 


DATA  TYPE 


DESCRIPTION 


1 Title 


cc  1-5  "TITLF" 


cc  1-80  Any  Heading  Data 


2 Random  Number  Seeds 


cc  1-19  "RANDOM  NUMBER  SEEDS" 
(LJ) 


cc  1-8  Number  of  random 
number  seeds  (PJ) 

cc  1-80  Up  to  10  random 

number  seeds,  1 every 
8 cc  (integer)  (RJ) 


3 Start  6 Finish  Times 


cc  1-19  "TIMFS (START, FINISH) " 

cc  4-5  Starting  hour  (integer) 
(RJ) 

cc  7-8  Starting  minute 
(integer)  (RJ) 


cc  12-13  Finishing  hour 
(integer)  (RJ) 


4 Print  Options 


5 Number  of  Runways 


6 Runway  Names 


7 Departure  Runway  End 
Link  Numbers 


8 Runway  Crossing  Links 


cc 

15-16 

Finishing  minute 
(integer)  (RJ) 

cc 

1-13 

"PRINT  OPTIONS" 

cc 

162 

( " TR " or  "FA")  Option  1 
Detail  Aircraft  Movement 

cc 

9610 

("TP"  or  "FA")  Option  2 
Debugging  Statements 

cc 

17618 

("TR"  or  "FA")  Option  3 
Hourly  Data  for  Each 
Seed 

cc 

25626 

("TP"  or  "FA")  Option  4 
Warning  Messages 

cc 

33634 

("TR"  or  "FA")  Option  5 
aircraft  nose  to  nose 

cc 

4 1642 

("TR"  or  "FA")  Option  6 
gueuinq  statistics 

cc 

1-11 

"RWYS  NO.  OF" 

cc 

1-8 

Number  of  runways, 
(integer)  (RJ) 

cc 

1-9 

"RWY  NAMES" 

cc 

1-80 

Runway  names,  1 every 
8 cc  (LJ) 

cc 

1-13 

"RWY  END  LINKS" 

cc 

1-32 

End  link  numbers 
(integer) , 1 every 
8 cc  (RJ)  (up  to  4) 

cc 

1-14 

"RWY  XING  LINKS" 

cc 

0 
OC 

1 

Any  header  data 

cc 

1-8 

Runway  number  (integer) 
(RJ) 

cc 

9-  16 

Crossing  link  number 
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(integer)  (KJ ) 

Fach  pair  of  runway- 
crossim  link  num- 
bers is  on  a sepa- 
rate card;  data  cards 
are  read  until  a neaa- 
tive  runway  number  is 
encountered . 


9 Inter-arrival  Gap  cc  1-20  "RWY  INTER ARRIVAL  GAP" 

cc  14-16  Departure  queue  length 
(number  ot  aircraft) 
(integer)  (RT) 

cc  29-32  Tnter-arrival  gap  in 
minutes  (decimal) 


CC  1-24  "RWY  HEP.  OCCUPANCY 
TIMES" 

cc  6-8  Class  (integer)  (RJ) 

cc  17-24  Mean  (decimal) 

cc  33-40  Stanuard  deviation 
(decimal) 

(Data  cards  are  read 
repeatedly  until  a 
negative  class  value 
is  encountered.) 


CC  1-24  "RWY  T/GO  OCCUPANCY 
T IMES" 

cc  1-40  Same  pattern  as  "Runway 
Occupancy  Time  on 
Departure"  aOove. 


1 1 Runway  Occupancy  Time 
for  Touch-and-Go 
(in  seconds) 


10  Runway  Occupany  Time 
On  Departure 
(in  seconds) 


12  Lengths  of  Common 
Approach  Paths 


! 


cc  1-36  "RWY  LENGTHS  OF  COMMON 
APPROACH  PATHS" 

(Data  cards  are  read 
repeatedly  until  neg. 
runway  value  encoun- 
tered. 

cc  7-R 


I 
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Runway  number  (integer) 

(RJ) 


cc  15-16  Class  number  (integer) 
(RJ) 

cc  17-24  Length  (decimal) 
nautical  miles 


13  Probability 

Distributions  for 
Exit  Selection 


cc  1-18  "RWY  FX IT  SELECTION" 
(Data  cards  are  read 
until  nog.  class  value 
ericoun  tered  . ) 

cc  6-8  Class  (integer)  (RJ) 

cc  14-16  Runway  number,  (inte- 
ger) (RJ) 

cc  22-24  Num)  or  of  pairs  of 
exit,  orobability 
values  (integer)  (RJ) . 
Sum  of  input  proba- 
bilities per  runway 
must  sum  to  1.0. 

cc  1-80  Pairs  of  rxit.  Number 

(integer),  (RJ)  ; Pro- 
bability (decimal) 


14  Runway  Exit  Distances 
(on  arrival) 


CC  1-18  "RWY  FXU  DISTANCES" 


cc  1-8  Number  of  exit  pairs 
(integer)  (RJ) 

cc  1-80  (Exit  #,  Distance  in 

feet)  (integer,  deci- 
mal) 1 every  8 cc  (RJ) 
(Data  cards  are  read 
repeatedly,  as  needed.) 


15  Runway  Arrival  Occu- 
pancy rim»s 


CC  1-27  "RWY  ARRIVAL  OCCUPANCY 
TIFFS" 

( Da t a cards  are  read 
repeated lv  until  nega- 
tive class  value  en- 
countered.) 

cc  6-8  Class  (integer)  (RJ) 
cc  14-16  Number  of  pairs  of 


{ 


(distance,  time) 
(integer)  (RJ) 

cc  1-80  Pairs  of  (distance  in 

feet,  time  in  seconds) 
1 every  8 cc  (decimal) 
(LJ) 


16  Holding  Areas  cc  1-13  "HOLDING  AREAS" 

cc  1-8  Number  of  holding  areas 
(integer)  (RJ) 

cc  1-80  Holding  area  numbers 
(integer),  1 every 
8 cc  (RJ) 


17  Standar  1 Taxi  Speeds  cc  1-36  "TAXT WAY  SPSFDS  (SIX 

STANDARD  SPEEDS)" 

cc  1-48  Standard  link  taxi 

speeds  (decimal) , miles 
per  hour,  1 every  8 cc 


18  Dink  Data  cc  1-13  "TAXIWAY  LINKS" 

(Data  cards  are  read 
until  negative  speed 
code  encountered. ) 

cc  1-80  Any  header  data 

cc  1-8  Link  number  (integer) 
(RJ) 

cc  9-16  If  this  link  is  not  a 

qate,  leave  blank.  If 
this  link  is  a gate, 
enter  the  class  number 
of  the  largest  air- 
craft. (integer)  (RJ) 

cc  17-24  If  using  a standard 

taxi  speed,  enter  the 
length  of  the  link  in 
feet;  it  not  usinq  a 
standard  taxi  speed, 
enter  the  time  to 
travel  in  minutes 
(decimal)  (feet,  or 
minutes)  . 
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For  gate  links,  enter 
the  pushback  time  in 
minutes  (decimal) . 


cc  3 3-40  Number  in  table  of 

standard  taxi  speeds. 
If  usinq  a non- 
standard taxi  speed, 
enter  "7"  (inteqer) 

(PJ) 

cc  49-56  One-way  oath  number 
tor  gate  links, 
holding  area  links 
or  general  aviation 
basing  area  links  that, 
have  pushback  opera- 
tions onto  a one-way 
path.  (integer)  (RJ) 


19  Route  Descriptions  cc  1-14  "tax I WAY  POUTES" 

(Data  cards  are  read 
until  negative  link 
count  encountered. ) 

cc  1-8  Number  of  links  in  the 
route  (integer)  (RJ) 

cc  1-80  Link  numbers,  1 every 
8 cc  (inteqer)  (RJ) 
Continue  on  next  card, 
if  required. 


20  One-way  Paths  cc  1-15  "TAXIWAY  ONE-WAY" 

cc  1-8  Number  of  links  (integer) 

(RJ)  (Data  cards  are  read 
until  a negative  number 
of  links  is  encountered.) 

cc  1-80  Link  numbers,  1 every 
8 cc  (integer)  (RJ) 


21  Airline  Code  Names  cc  1-13  "AIRLINE  NAMES" 

cc  1-8  Airline  count  (integ°r) 
(RJ)  (up  to  10) 

cc  1-80  Airline  code  names,  1 

everv  8 cc  (a  lpha  numeric) 
( I<J) 
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22  Airline  Gate  Assign- 
ments 


23  Gate  service  Times 


24  Approach  Speeds 


25  Aircraft  Separations 


CC  1-13  "AIRLINE  GATES'* 

(Data  cards  are  read 
until  negative  gate 
count  encountered.) 

cc  1-4  Airline  code  (alpha- 
number  ic)  (LJ) 

cc  9-16  Gate  count  (integer) 
(RJ) 

cc  1-80  Gate  number,  1 every 
8 cc  (RJ)  (integer) 


CC  1-17  "A/C  SERVICE  TIMES" 

(Data  cards  are  read 
repeatedly  until  neg. 
class  value  encoun- 
tered. ) 

cc  6-8  CLASS  (integer)  (RJ) 

cc  17-24  MEAN  (decimal),  minutes 

cc  33-40  Standard  deviation  of 
service  time  on  cate 
(decimal) 


CC  1-19  "A/C  APPROACH  SPEEDS" 

(Data  cards  are  read  re- 
peatedly until  neg. 
class  value  encoun- 
tered. ) 

cc  6-8  Class  (integer)  (RJ) 


cc  17-24  Mean  speed  in  knots 
(decimal) 

cc  33-40  Standard  deviation  of 
speed  (aecimil) 


cc  1-15 
cc  1-80 
cc  1-80 
(Leading 


cc 


8 


"A/C  SEPARATIONS" 
Any  header  data 
Any  header  data 
A/C  Operation) 
Operation  (A  or  D)  ; 
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cc  41-48  Runway  number  (inteqer) 
(RJ) 

cc  49-56  Mean  separation,  nauti- 
cal miles,  except 
departure  followed  by 
departure  and  arrival 
followed  by  departure 
which  is  in  minutes 
(decimal) 


cc  57-64  Standard  deviation  of 
separation  (decimal) 
(Data  cards  are  read  re- 
peatedly until  neq. 
class  number  encoun- 
tered. ) 


26  A/C  Schedule  cc  1-12  "A/C  SCHEDULE".  This 

header  card  qoes  with 
the  bulk  data  and  causes 
the  aircraft  schedule 
data  to  be  read  from 
the  file  NU2 . 

The  following  is  the  format  of  the  aircraft  schedule  data  to 
he  created  on  file  NU2: 

cc  1-80  Any  headinq 

(Data  cards  are  read 
until  neqative  qate 
number  encountered.) 

cc  1-4  Airline  name  (alpha- 
numeric) (LJ) 

cc  9-16  Preferred  gate  (inte- 
ger) (RJ) 


cc  17-24  Flight  type  (integer) 
(RJ) 


cc  25-32  Aircraft  class  (inte- 
ger) (RJ) 


cc  366  37  Arrival  time  at  the 
threshold,  hours 
(irteger)  (RJ) 


cc  39640  Arrival  time,  minutes 
(integer)  (RJ) 


cc  44645  Departure  time  from  the 
gate,  hours  (integer) 
(RJ) 


cc  47648  Departure  time,  minutes 
(integer)  (RJ) 


cc  49-56  Landing  runway  number 
(integer)  (R.T) 


cc  57-64  Departure  runway  number 
(integer)  (RJ) 


27  General  Aviation  cc  1-16  "G/A  HOLDING  AREA" 

cc  1-8  Number  of  general 
aviation  holding 
areas  (integer)  (RJ) 

cc  1-80  General  aviation 

holding  area  link 
numbers,  one  every 
8 card  columns 
(integer)  (RJ) 


28  Processing  Options 

Several  processing  options  are  available: 

CC  1-16  "PRINT  INPUT  ONLY" 

This  will  cause  a printout  of  all  the  input  data  in  the 
memory  at  that  time.  This  capability  provides  *-he  option 
of  data  checking  before  running  the  model. 

cc  1-7  "COMPUTE" 

This  will  cause  a computation  or  mod°l  run  using  the 
most  recently  input  set  of  data.  This  card  may  he 
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t.  *■ 


4 


followed  by  any  of  tier  data,  which  would  bo  followed  by 
another  "COMPUTE"  card.  Thin  card  provides  the 
facilities  of  hatching  different  sets  of  data  in  one 
program  run.  For  example,  a user  could  input  initial 
data,  compute,  input  different  gate  service  lines, 
compute,  input  different  separations  and  different 
runways,  compute,  etc.,  all  in  one  computer  run.  Each 
"COMPUTE"  card  will  result  in  all  data  being  printed 
and  the  model  run  against  that  da*a. 

It  Is  recommended  that  initially  only  one  ra n loin 
number  seed  be  used  till  all  coding  errors  have 
been  removed  from  the  input  cards.  This  will  minimize 
costs  associated  with  debugging  the  inputs. 


29  Completion  of  Run 

The  last  input  card  is: 

cc  1-4  "STOP" 


4.4  Output 

The  normal  output  of  the  Delay  Simulation  voiol  is  the 
average  delays,  flow  rates  and  travel  times  for  the  number  of 
random  number  seeas  specified.  The  normal  output  includes: 

Listing  of  input  data 

Average  delay  per  all  operations 
for  each  hour  of  the  run 

by  location  on  the  airport 

o Runway 
o Taxiway 
o Gate 

o Runway /Taxiway  Crossing  Points 

by  arrival  f»  departure  for  total  airfield 

Flow  rates  (and  aircraft  mix) 
for  each  hour  of  the  run 

by  location  on  the  airport 

o Runway 
o Taxiway 
o Gate 

by  arrival,  departure  and  touch-ana-go 
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Total  Travel  Time 

tor  each  hour  of  the  run 
by  runway 

by  arrival  and  departure 

Average  delay  per  link 
by  taxi- in 
by  taxi-out 

NOTF:  The  statistics  for  the  first  hour  represent  a period 

when  the  airfield  goes  from  an  unloaded  to  a loaded 
condition.  The  statistics  for  this  hour  should  be 
disregarded. 

The  input  data  is  listed  in  a predetermined  sequence;  i.e., 
it  may  not  be  listed  in  the  order  the  user  entered.  The 
header  cards  shown  in  the  output  are  different  than  those 
required  by  the  input.  The  format  of  the  output  numbers  is 
different  than  that  required  by  the  input.  The  output 
identifies  the  separations  for  a single  runway  as:  runway  0 
on  runway  0.  The  output  of  exit  selection  is  the  cumulative 
probability  for  aircraft  to  use  an  exit  instead  of  *-he  input 
probabi lity. 

Delay  is  counted  as  each  increment  occurs.  For  example,  if 
an  aircraft  starts  to  taxi  to  a gate  at  8:55  and  arrives  at 
the  gate  at  9:05,  any  delays  that  occur  before  9; 00  will  be 
part  of  the  8:00  to  9:00  taxi-in  delays,  and  the  delays  that 
occur  after  9:00  will  be  part  of  the  9:00  to  10:00  taxi-in 
delays. 

Delay  per  link  is  only  shown  for  thos^  links  experiencing 
delays.  Delay  due  to  departure  aircraft  holding  short  of  the 
runway  for  takeoff  clearance  is  counted  as  departure  runway 
delay. 

Optional  output  can  provide  the  above  statistics  for  each 
random  number  seed.  This  output  is  displayed  in  a format 
that  uses  model  variable  names.  Figure  4.3  defines  the 
variable  names  used  in  this  optional  output. 

The  Delay  Simulation  Model  can  document  the  step>-by-step 
movement  of  each  aircraft  through  the  airport.  Any  statistic 
available  from  the  model  can  be  obtained  by  analysis  of  the 
detail  movement  output.  The  format  of  the  detail  movement 
output  is  given  in  Figure  4-7. 

The  Delay  Simulation  Model  will  output  warning  messages 
if  any  of  the  following  occur: 

a)  If  delay  on  a link  is  less  than  or  equal  to 
0 for  a particular  aircraft. 

b)  If  all  gates  for  a particular  aircraft  size 
are  full. 
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c)  If  two  aircraft  come  nose  to  nose  on  adjacent 

links. 

d)  If  an  individual  aircraft  delay  on  a link  is 

greater  than  6 minutes. 

e)  Tf  an  exit  number  does  not  have  an  exit  distance. 

f)  If  the  probabilities  input  for  RWY  EXIT  SELECTION 

do  not  sum  to  1.0. 

g)  If  the  holding  area  is  full. 

The  Delay  Simulation  Model  can  output  the  departure  queue 
data.  The  model  output  gives: 

Runway  Number 
Departure  Queue 
Time 

From  this  information  the  average  queue  during  any  period  of 
time  can  be  determined.  This  information  is  generated  by 
exercising  Print  Option  6. 

If  the  model  discovers  that: 

a.  An  incorrect  header  has  been  used;  e.q.r  AL  NAME 
instead  of  AIRLINE  NAMES. 


type. 


b.  Too  many  data  cards  have  been  entered  for  a data 


c.  Too  tew  data  cards  have  been  entered  for  a data 


d.  A minus  siqn  has  not  been  entered  where  required. 
The  model  will  print: 

INPUT  ENTRY  CANNOT  BF  FOUND  IN  BRHEAD  TABLE 


This  indicates  that  some  data  error  has  been  made  followina 
the  last  printed  header  label. 

NOTE:  The  BRHEAD  table  contains  a list  of  all  header  cards. 


The  examples  for  this  model  are  contained  in  Book  2 of  this 
report. 


LINK -NODE  INTERSECTION 
(b) 


Example  of  Y and  LINK -NODE  Intersections 

Figure  4-2 
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Variable 


TSTTIM 


NTAXI 


NTAXO 


NONGAT 


Description 

- Time  (in  minutes)  at  end  of  run  period; 

e.q.,  0.12E  ♦ 03  = 120  minutes. 

- Number  of  arrivals  by  runway  and  aircraft 

type;  e.q.,  0 , 5 , 0 , 1 , 1 , 5, 0, 0 would  be 
interpreted  as; 


Runway  # 
1 

2 


Aircraft  Type 
1 2 3 4 

0 5 0 1 

15  0 0 


- Number  of  departures  by  runway  and 

aircraft  type. 

- Number  of  Touch-ang-Go' s by  runway 

and  aircraft  type. 

- Number  of  taxi-in  operations  by  aircraft. 

class;  e.q. , 1,10,0,1  would  be  interpreted 
as; 

one  type  1 aircraft 
ten  type  2 aircraft 
zero  type  3 aircraft 
one  type  4 aircraft 

- Number  of  taxi-out  operations  by 

aircraft  class. 

- Number  of  on-gate  operations  by  commercial 

and  qeneral  aviation  gates;  e.q., 

1 , 7, 0, 0, 0, 0, 0, 0 would  be  interpreted  as: 


Variable 


NRCAR 


Description 

- Number  of  arrival  runway  crossing  operations 
by  aircraft  type  per  crossinq  link;  o.q., 

0, 0,0,0, 1 f 3,0,0  0,  1,0,0  would  be  interpreted 


Crossing 

Link. 

1 

2 

3 


Aircraft  Type 

1 2 3 4 

0 0 0 0 

13  0 0 

0 10  0 


There  can  be  up  to  10  crossinq  links. 
Crossing  link  1 is  the  first  link 
number  entered  on  the  RVY  XING  LINKS 
data  card. 


NRCDR 


ARDLY 


DPDLY 


- Number  of  departure  runway  crossinq 

operations  by  aircraft  type  per 
crossing  link. 

- Arrival  runway  delay  by  aircraft,  type. 

- Departure  runway  delay  by  aircraft  typ*'. 


GDLYAR 


GDLYDR 


TXIDLY 


TXODLY 


RCDAR 


RCDDP 


AATTM 


ADTTM 


NGRUN 


- Arrival  qate  delay. 

- Departure  gate  delay. 

- Taxi-in  delay. 

- Taxi-out  delay. 

- Runway  crossing  arrival  aelay. 

- Runway  crossing  departure  delay. 

- Arrival  travel  time  by  runway. 

- Departure  travel  time  by  runway. 

- Number  of  arrival  gate  operations  by 

runway. 


FIGURE  4-3  (Cont.) 


FORMAT  OF  DETAIL  STATISTICS  PRINTOUT 
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SAMPLE  JOB  CONTROL  DESK 
Figure  4-5 


CODING  FCRM  FCR  THE  DELAY  SIMULATION  MODEL  VERSION  2d  FIGURE  U-6  (Con 


CODING  FORM  FOR  THE  DELAY  SIMULATION  MODEL  VERSION  2d  FIGURE 


CODING  FORM  FOR  THE  DELAY  SIMULATION  MODEL  VERSION  2d  FIGURE 


CODING  FORM  for  the  delay  SIMULATION  MODEL  VERSION  2d  FIGURE 


Page  9 of  25 


SIMULATION  MODEL  VERSION  2d  FIGURE 


1-1 1 J I 1 


CODING  FORM  FOR  THE  DELAY  SIMULATION  MODEL  VERSION  2d  FIGUR 


BASING  AREAS 


CODING  FORM  FCR  THE  DELAY  SIMULATION  MODEL  VERSION  2d  FIGURE  4-6  (Con't.)  DEPARTURE 


COD IMG  FORM  FOR  THE  DELAY  SIMULATION  MODEL  VERSION  2d  FIGURE  h-6  (Con't.)  ARRIVAL- ARRIVAL  SEPARATION 


CODING  FORM  FOR  THE  DELAY  SIMULATION  MODEL  VERSION  2d  FIGURE  4-6  (Con't.)  DEPARTURE -DEPARTURE  SEPARATION 


SIMULATION  MODEL  VERSION 
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DESCRIPTION 


Aircraft  number  used  by  program.  Numbers 
are  assigned  according  to  the  order 
in  input  schedule.  Because  of  lateness 
distribution,  aircraft  may  not  land  in 
same  order  as  input  schedule. 

Assigned  qate  number  when  data  for  an 
arriving  aircraft  is  first  printed. 
Thereafter,  it  is  the  assiqned  path  number 
from  exit  to  gate.  For  departures,  it 
is  the  path  number  from  gate  to  departure 
1 ink. 


Fliqht  type 
Aircraft  type 
Assiqned  Gate 


Current  link  {defined  by 
occupied  by  airplane, 
means  no  path  has  been 


location 

Location 

assigned 


number) 
number  0 
yet . 


Aircraft  state 


Arrival  time  at  threshold 
Assigned  gate  service  time 
Gate  departure  time 

Current  time  (hour,  minute,  second);  i.e., 
the  time  when  the  aircraft  desires  to  move. 

Current  link  number  (same  number  as  used  in 
link  node  diagram) . A link  number  of  0 
means  no  path  has  been  assigned  yet. 


FIGURE  4-7 


FORMAT  OF  DETAIL  MOVEMENT  PRINTOUT 


CHAPTER  5 


ANNUAL  DELAY  MODEL  VERSION  1 


ANNUAL  DELAY 


5 . 1 Introduction 

An  analytic  model  has  been  developed  to  compute: 

a)  Total  annual  delay. 

b)  Average  delay  per  aircraft  over  a year. 

c)  The  distribution  of  aircraft  delays  over  a year. 

The  Annual  Delay  Model  automates  the  manual  process  for  deter- 
mining annual  delay  described  in  reference  b.  The  Annual  Delay 
Model  computes  the  delay  in  representative  hours  and  aggregates 
them  into  measures  of  annual  delay  according  to  their  frequency 
of  occurrence.  In  doing  this  the  model  considers  fluctuations 
of: 


a) 

Weather 

( IFR  6 VFR) 

fc>) 

Runway 

use  configuration 

C) 

Hourly 

capaci ty 

A) 

Hourly 

demand 

5 . 2 Model  Logic 

The  Annual  Delay  Model  takes  a specified  annual  demand  and 
apportions  it  into  representative  hourly  demands.  This  is  done 
using  three  distributions  of  demand;  i.e. 

Week  Group  Distribution  of  Demand  - PWEEK(i) 

Day  Group  Distribution  of  Demand  - PDAY(j) 

Hourly  Distribution  of  Demand  - PHOUR(k) 

A week  group  is  a set  of  weeks  (or  fractions  of  a week)  that 
have  similar  demand  and  weather  charateristics.  Monthly  data 
can  be  entered  as  4 and  a fraction  weeks;  e.g.,  31  days  = 4.43 
weeks.  The  week  group  distribution  of  demand  provides  the 
proportion  of  the  annual  demand  that  occurs  in  each  week  of  a 
week  group. 

A day  group  is  a set  of  days  within  a week  that  have  similar 
demand  characteristics.  Each  day  of  the  week  may  be  accounted 
for  separately  or  Hays  may  be  qrouped  toqether.  The  day  group 
distribution  of  demand  provides  the  proportion  of  the  weekly 
demand  that  occurs  in  each  day  of  a day  group. 

The  hourly  distribution  of  demand  provides  the  proportion  of 
the  daily  demand  tha*-  occurs  in  each  hour.  The  hourly  demand 
for  a representative  hour  of  the  year  is  giv°n  by: 


II'  - 
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HD  (i, j,k)  = ANNUAL  DEMAND 

NWFEK(i)  . PWEFK  (i)  . NDAY  ( iT • PDAY  (j)  . PHOUB(k) 

where:  HD(i,j,k)  = hourly  demand  for  week  group  i,  day  group  j, 

and  hour  group  k. 

NNEEK(i)  = number  of  weeks  in  each  week  group. 

NDAY(i)  - number  of  days  in  each  day  group. 

The  representat ive  hourly  demand  may  be  further  adjusted  to 
account  for  demand  restrictions  imposed  by  weather  conditions 
and/or  runway  use  configuration. 

Hourly  capacities  are  input  for  each  runway  use  configuration 
and  weather  category  combination.  Hourly  delays  are  calculated 
for  each  representative  hour  of  the  year  and  weather  category 
using  the  delay  curves  given  in  Figure  2-68  of  reference  b. 

The  average  delay  per  operation  for  the  year  is  computed 
considering  the  frequency  of  occurance  of  each  representative 
hour,  each  weather  condition,  and  each  runway  use 
con  f igur ation. 

NOTE:  In  calculating  hoiirly  delay,  the  model  assumes  that  all 

caoacity  and  demand  values  are  for  50%  arrival. 


5.  1 


Input  format 

The  following  general  instructions  apply  to  preparing  inputs  to 
the  Annual  Delay  Model: 

1.  Data  entry  requires  two  types  of  cards;  i.e.  , 

Header  Card;  e.q.,  WEAPCT  8 

Data  Card(s);  e.g.,  0.82  0.64 

0.  18  0.36 


(NOTE:  8 is  the  data  type  number.  See  7.  below.) 

2.  There  is  no  fixed  sequence  for  groups  of  header/data  cards 
except: 


a)  the  card  containing  KRUN  and  I-PRINT  data  must  be  the 

first  card  in  the  deck,  and 

b)  Data  type  2;  i.e.,  GROUPS,  must  precede  data  types  3, 

4,  5,  6,  7,  8,  9,  10,  13,  14  and  15. 

3.  Unless  otherwise  noted  on  the  form  by  decimal  points,  right 
justify  numbers  within  the  blocks  shown  on  the  coding  form. 


162 


4.  To  execute  a run,  place  a 1 in  card  column  14  of  the  header 
card  for  the  last  data  group. 

5.  Multiple  runs  can  be  made  with  one  stack  of  cards.  Plac° 
replacement  header/data  cards  after  the  execute  card  for  the 
first  complete  run.  This  procedure  is  illustrated  in  example 

1. 

6.  Any  10  letter  title  can  be  used  in  card  columns  1-10  of  the 
header  card. 

7..  On  the  header  card: 


cc 

1-  10 

Title 

cc 

11-12 

Data  type  number 

cc 

14 

Execute  command  (i.e 

8.  The  model  can  accommodate: 

52  week  croups 
7 day  groups 
10  weather  groups 
10  runway  use  configurations 

The  coding  form  in  this  chapter  is  constructed  for  up  to 
12  week  groups  and  two  weather  groups. 

9.  Enter  annual  demand  as  3259C9  not  325,000  or  325K. 

10.  Whenever  a proportion  or  ratio  is  called  for,  the  input 
should  be  entered  as  a decimal;  e.g.,  0.017  not  1.7%. 

11.  Allowable  values  of  Demand  Profile  Factor  are  25,  30,  35, 
40,  45  and  50. 

A sample  coding  form  with  header  labels  and  decimal  points  is 
shown  in  Figure  5-1.  It  is  recommended  that  a similar  form  be 
used  in  preparing  card  inputs.  The  definitions  of  terms  used 
in  the  coding  form  are  given  below: 

TEPM  DEFINITION 

KRUN  The  number  of  runs  to  be  executed.  The  value 

of  KRUN  is  equal  to  the  number  of  occurance  of 
a 1 in  card  column  14  of  the  header  card. 

I-PRINT  If  T-PRINT  * 1,  the  input  data  will  be  listed 

before  the  output  is  printed. 

If  I-PRINT  « 0,  no  input  data  will  be  listed. 
ANNDEMAND  A header  label  used  with  annual  demand  data. 

ANNDEM  The  annual  demand  in  operations  per  year. 
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GROUPS 


A header  label  used  with  the  specification  of 
group  data. 


NDGPS 
NWGPS 
NW  ECON 
NRWTJSE 

WKPEPCENT 


WG1  thru 
WG12 


WK NUMBER 


CAPACITY 


WEI 
WE  2 

DPERCF.NT 


DG 1 thru 
DG7 


Number  of  day  groups. 

Number  of  week  qroups. 

Number  of  weather  conditions. 

Number  of  runway  use  configurations. 

A header  label  used  with  the  proportion  of 
total  annual  traffic  that  occurs  in  one  week  of 
each  week  group;  e„g. , if  total  annual  traffic 
= 350000  and  demand  in  1 week  of  a week  group 
= 735C,  the  proportion  = 0.021. 


Week  qroup  1 thru  12. 

A header  label  used  with  the  number  of  weeks  in 
each  week  group. 

A header  label  used  with  the  hourly  runway 
capacity  for  each  runway  use  configuration 
and  weather  combination. 

Weather  group  1. 

Weather  aroup  2. 

A header  label  used  with  the  proportion  of 
weekly  traffic  that  occurs  in  1 day  of  each 
day  qroup;  e.g.,  if  weekly  traffic  = 6000  oper- 
ations and  the  demand  in  1 day  of  a day  group 
= 875,  the  proportion  = 0.146. 


Day  groups  1 thru  7. 


DAY NUMBER 
DEMANPCT 

WEAPCT 

DEMPROEILF 

DPF 


A header  label  used  with  the  number  of  days  in 
each  day  group. 

A header  label  used  with  weather  qroup  demand 
factors;  i.e.,  the  ratio  of  demand  in  each 
weather  group  to  the  demand  in  WEI. 

A header  label  used  with  the  proportion  of 
occurrence  of  each  weather  group  in  any  given 
week  group. 

A header  label  used  with  Demand  Profile  Factor. 
Demand  Profile  Factor 


RWYDEMPCT  A header  label  used  with  runway  use  configura- 

tion demand  factor;  i.e.,  the  ratio  of  demand 


i r,u 


for  each  runway  usp  conf iqurat ion  *-0  tt 
for  RU 1 . 


uema 


RU1  thru 
PTJ10 


Runway  use  conf iquration  nunh»r  1 thru  10 


A header  label  uspI  with  *:i^le  information 


RUNT  D 


Any  20  letter  name  identifying  the  run 
NATIONAL  1987  CASE  3 


A header  label  used  with  the  proportion  of 
daily  traffic  in  each  hour;  e.q.,  if  the  dail 
traffic  = 80C  and  the  demand  in  hour  HR7  = 60 
the  proportion  for  HR 7 = 0.075. 


HOURPCT 


12:59  a.m.  throuqh  11:00  p.i 


Hour  12:00  a.m 
- 1 1 : 59  p. m. 


A header  label  used  with  the  figure  numbers 
qiven  in  Figure  5-1. 


FTGNUMS 


5.4  Input  Considerations 


The  following  factors  should  be  considered  in  preparing  inputs 
to  the  Annual  Delay  Model: 


a.  The  sequence  in  which  week  group  proportions  are 
entered  is  nor  important.  However,  they  must  be  coordinated 
with  the  annual  weather  distribution. 


b.  The  input  weather  distribution  represents  the 
proportion  of  the  days  where  that  weather  condition  exists  all 
day.  The  proportion  of  the  days  which  are  WEI  or  WE2  should 
not  include  weather  conditions  which  occur  durinq  very  low 
demand  periods  of  the  day;  e.q.,  do  not  include  in  this 
proportion  davs  durinq  which  the  bad  weather  only  occurs 
between  10:00  i-.m.  and  5:00  a.m. 


c.  The  sequence  in  which  day  group  proportions  are 
entered  has  no  impact  on  annual  delay.  The  important  data  is 
the  magnitude  of  the  numbers.  The  Annual  Delay  Model  assumes 
that  every  week  of  each  month  has  the  same  daily  demand 
distribution. 


d.  The  sequence  in  which  hourly  proportions  are  entered 
is  very  important,  if  demand  exceeds  capacity  for  several 
consecutive  hours  for  some  runway  use  ^onf igurat ion/weather 
combination . 


e.  It  is  recommended  that  only  runway  use  configurations 
that  occur  for  at  least  5%  of  a given  weather  condition  be  con- 
sidered in  the  annual  delay  analysis. 

f.  The  Demand  Profile  Factor  is  defined  as  the  percent 
of  the  hourly  demand  that  occurs  in  the  peak  15  minutes.  To 
consider  the  variations  of  the  Demand  Profile  Factor  from  hour 
to  hour,  input  the  average  Demand  Profile  factor  for  the  busy 
hours  of  the  day. 

g.  Touch-and-go  operations  do  not  normally  occur  during 
busy  hours  at  commercial  airports.  Touch-and-go  operations 
should  be  excluded  from  the  annual  operations  when  determining 
annual  delay  for  commercial  airports.  If  touch-and-go 
operations  ar°  included  as  part  of  the  input  for  a qeneral 
aviation  airport,  the  hourly  capacities  should  be  based  on  the 
same  percent  touch-and-go.  The  Annual  Delay  Model  treats 
touch-and-go  operations  as  one  arrival  and  one  departure.  If  a 
runway  use  configuration  consists  of  one  runway  used 
exclusively  for  touch-and-go  operations  and  one  runway  for 
arrival  and  departure  operations,  the  annual  delay  analysis 
should  be  done  separately  for  each  runway. 


5 . 5 Output 

The  output  of  the  Annual  Delay  Model  consists  of: 

a)  total  annual  delay  in  minutes, 

b)  average  delay  per  operation  in  minutes,  and 

c)  distribution  of  annual  delay. 

The  distribution  of  annual  delay  is  computed  and  listed  by  time 
interval.  The  output  format  is: 

Time  Interval  Percent  of  Operations 

0.0  0.2 

0.2  0.4 

0.4  0.6 


• 

1.8  2.0 

2.0  3.0 

3.0  4.0 


09.0  100.0 

Over  1 00 . 0 


Iff 


v*— 


The  time  interval  is  not  printed  if  it  had  0 % of  the  aircraft 
delays. 


5. 6 Optional  Outputs 

The  Annual  Delay  Model  can  be  used  to  calculate: 

the  delay  for  an  hour, 

the  delay  for  a series  of  hours, 

the  delay  for  a day, 

the  delay  for  a week, 

the  delay  for  a month,  and 

measures  of  annual  capacity. 

The  following  defines  procedures  for  determining  these  outputs: 


a.  Hourly  Delay.  The  delay  for  a given  hour  can  be 
determined  by  completing  the  partially  filled  in  form  shown  in 
Figure  5-2.  The  value  of  annual  demand  should  be  equal  to 
hourly  demand  x 365.  Set  HR1  = 1.0  for  header  label  HOURPCT. 
The  model  output  of  average  delay  per  operation  is  the  average 
delay  per  operation  for  the  hour  under  consideration. 


b.  Delay  for  a Series  of  Consecutive  Hours.  The  delay 
for  2 or  more  consecutive  hours  up  to  24  hours  can  be 
determined  by  completing  the  partially  filled  in  form  shown  in 
Figure  5-2.  The  value  of  annual  demand  should  be  equal  to  the 
total  hourly  demand  for  the  series  of  hours  x 365. 


The  model  output  of  average  delay  per  operation  is  the  average 
delay  per  operation  over  the  time  span  considered. 

c.  Daily  Delay . The  average  delay  per  operation  for  a 
day  can  be  determined  by  following  the  procedure  defined  by  b. 
above  using  an  hourly  demand  distribution  for  the  complete  24- 
hour  period. 

d.  weekly  Delay.  The  average  delay  per  operation  for  a 
particular  week  can  be  determined  by  computing  the  daily  delay 
for  the  conditions  specific  to  each  day  (or  group  of  days)  of 
the  week. 

e.  Monthly  Delay . The  average  delay  per  operation  for  a 
particular  month  can  be  determined  by  computing  the  daily  delay 
for  the  conditions  specific  to  each  day  (or  group  of  days)  of 
the  month. 


f.  Measures  of  Annual  Capacity.  The  Annual  Delay  Model 
can  be  used  to  determine  a level  of  service  of  annual  capacity 
based  on: 

1)  The  averaqe  delay  per  operation  produced  by  a 
given  number  of  annual  operations. 
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2)  The  percent  of  annual  operations  having  delays 


in  excess  of  some  selected  delay  per  opera- 
tion. 

3)  Some  combination  of  the  above. 

The  procedure  is  to  operate  the  model  at  different  values  of 
annual  operations  but  keepinq  all  other  inputs  fixed.  The 
model  output  can  then  be  analyzed  to  determine  annual  capacity 
based  on  the  level  of  service  desired  by  the  user. 


5.7  Data  Input  Modes  It  is  possible  to  use  the  Annual  Delay  Model 
in  two  input  modes;  i.e.  , 

o Remote  Job  Entry  (RJE)  via  cards 

o From  a teletype  terminal  using  stored  files 

Remote  -job  entry  requires  that  all  data  be  punched  on  IBM  cards 
and  be  processed  by  a card  reader.  Job  cards  are  required  to 
load  the  capacity  model  and  to  identify  the  user  for  billinq 
purposes.  Model  output  is  printed  on  a remote  printer. 

In  the  teletype  terminal  mode  the  user  can  construct  input 
files  and  call  for  model  executions  directly  from  the  teletype 
location.  The  input  format  is  exactly  the  same  as  with  cards. 
To  call  for  an  execution,  a series  of  computer  instructions  are 
entered  from  the  teletype  terminal.  These  instructions  can  be 
stored  in  the  computer  and  called  for  by  a Command  File  or 
CLIST.  The  FAA  has  established  Command  Files  on  TYMSHARE  and 
McAuto  for  operation  of  the  Annual  Delay  Model  from  a teletype 
terminal.  To  use  this  method  requires  that  the  input  data  be 
placed  in  a temporary  file  named  BATCH. SUB  and  that  the  command 
EX  TER  AND  be  enterei.  The  result  will  be  a complete  execution 
of  the  Annual  Delay  Model.  After  execution,  the  input  file 
BATCH. SUB  can  be  renamed  and  permanently  stored,  or  edited  and 
reexecut  ed. 


5.8  Examples 

The  following  examples  illustrate  the  use  of  the  Annual  Delay 
Model  Version  1. 

Example  _1 

Compute  the  total  delay  for  the  following  conditions; 

Annual  Demand:  300,000  and  400,000  operations 

Percent  Arrival;  50 

Percent  Touch-and-Go : 0 

Demand  Profile  Factor:  15 

WEI  = VFP 
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WE2  = IFR 

WE2  Demand  = 90*  of  WEI  demand 
RU2  = 110%  of  RU1 
RU3  = 110%  of  RU1 

Annual  Demand  Distribution 


January 

. 087 

July 

.081 

February 

.087 

August 

.080 

March 

.082 

September 

.082 

April 

.081 

October 

.087 

May 

.080 

November 

.088 

June 

.076 

December 

.089 

Annual  Weather  Distribution 


WEI  WE2 

WEI 

WE  2 

January 

1.00  0.00 

July  .98 

.02 

February 

.99  .01 

August  .99 

.0  1 

March 

.98  .02 

September  .99 

.01 

April 

.99  .01 

October  1.00 

0.00 

May 

.98  .02 

November  1.00 

0.00 

June 

.98  .02 

December  1.00 

0.00 

Daily  Demand 

Distribution 

Monday  .15 

Friday 

15 

Tuesday  . 1 3 

Saturday  . 

14 

Wednesday  .14 
Thursday  . 14 

Sunday 

15 

Hourly  Demand  Distribution 

0-1 

C . 59 

6-7  0.32 

12-13  4.32 

18-19 

9.80 

1-2 

0.  47 

7-8  2.50 

13-14  5.18 

19-20 

10.66 

2-3 

0.23 

8-9  8.63 

14-15  3.77 

20-21 

6.  86 

3-4 

0.  17 

9-10  7.13 

15-16  4.18 

21-22 

2.91 

4-5 

0.08 

10-11  3.34 

16-17  7.84 

22-23 

1.66 

5-6 

0.  12 

11-12  6.01 

17-18  12.21 

23-24 

1.02 

Hourly  Capacity  Data  in  Weather  Condition  1 


Runway 

r Runway 

Figure 

Mix 

Hourly 

Percent 

Use 

Geometry 

Number 

Index 

Canacity 

Utilization 

1 

Single  RW 

2-3 

140 

52 

10 

2 

Parallel  RW 

2-4 

140 

72 

30 

3 

Parallel  RW 

2-9 

140 

95 

60 

Hourly  Capacity  Data 

in  weather 

Condition 

2 

Runway 

Runway 

Figure 

Mix 

Hourly 

Percent 

Use 

Geometry 

Number 

Index 

Capacity 

Utilization 

2 

Parallel  RW 

2-44 

160 

60 

70 

1 

Single  RW 

2-43 

160 

50 

30 
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Figure  5-3  shows  the  coding  form  for  this  proolem  with  input 
data  filled  in.  From  the  computer  output  shown  in  Figure 
5-4,  the  total  delay  is  found  to  be: 

Annual  Demand  Annual  Delay 

(Operations)  (Hours) 

300.000  27,532 

400.000  148,000 

Example  2 

Compute  the  average  delay  per  operation  for  the  following  day. 

Hourly  Demand  Distribution 


Hour  Demand  Proportion 


0-  1 

2 

0.003 

1-2 

1 

0.002 

2-3 

0 

0.000 

3-4 

0 

0.000 

4-5 

0 

0.000 

5-6 

3 

0.005 

6-7 

10 

0.015 

7-8 

30 

0.045 

8-9 

40 

0.061 

9-10 

45 

0.068 

10-11 

40 

0.061 

11-12 

30 

0.C45 

12-13 

30 

0.045 

13-14 

25 

0.038 

14-15 

45 

0.068 

15-16 

60 

0.091 

16-17 

65 

0.099 

17-18 

55 

0.083 

18-19 

45 

0.068 

19-20 

50 

0.076 

20-21 

30 

0.0  46 

21-22 

30 

0.046 

22-23 

20 

0.030 

23-24 

3 

0.005 

TOTAL 

659 

1.000 

Use  the  single  runway  IFR  data  in  Example  1 for  all  other 
inputs. 

Figure  5-5  shows  the  coding  form  for  this  problem  with  the  input 
data  filled  in.  From  the  computer  output  shown  in  Figure  5-6 
th0  average  daily  delay  per  operation  is  7.2  minutes. 
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CODING  FORM  FOR  ANNUAL  DELAY  MODEL  VERSION  1 FIGURE  5-1 
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CHAPTER  6 - ON-LINE  ANNUAL  DELAY  MODEL  VERSION  1 

ANNUAL  DELAY 


6.  1 Introduction 


The  On-line  Annual  Delay  Model  Version  1 is  an  adaptation  of 
the  qeneral  Annual  Delay  Model  described  in  Chapter  5.  It  is 
similar  in  operation  to  the  On-line  Runway  Capacity  Model 
discussed  in  Chapter  3. 


The  Cn-line  Annual  Delay  Model  provides  a structured  way  to 
determine  the  total  delay  to  runway  operations  for  a year.  The 
On-line  Annual  Delay  Model  considers  the  distribution  of  hourly 
demand  over  a 24-hour  day,  the  daily  distribution  of  demand 
over  a 7 -day  week,  the  monthly  distribution  of  demand  over  a 
year,  and  the  monthly  distribution  of  three  weather  categories 
over  a year.  The  On-line  Annual  Delay  Model  can  be  run  with 
user  supplied  data  or  a combination  of  user  supplied  and  built- 
in  data. 


A list  of  computer  services  (or  timesharing  companies)  offering 
the  program  can  be  obtained  from: 


Chief,  Airport  Design  Branch,  ARD-410 
DOT/FAA 

2100  Second  Street,  S.W. 

Washington,  D.C.  20590 


(202)  426-3685 


6.2  Discussion  of  Terms  Used  by  On-line  Annual  Delay  Model 


a.  Monthly  Distribution  of  Annual  Operations.  The 
monthly  distribution  of  annual  operations  is  defined  as  the 
percent  of  annual  operations  that  occur  in  each  month. 


The  On-line  Annual  Delay  Model  has  seven  built-in  distributions 
of  annual  operations.  These  are  identified  by  annual 
operations  distribution  letters: 


a Uniform  distribution;  i.e 
each  month. 


Based  on  large  air  carrier  airports  with 
small  monthly  variations  of  demand. 


c Based  on  large  air  carrier  airports  with 
moderate  monthly  variations  of  demand. 


d Based  on  larqe  air  carrier  airports  with 

substantial  monthly  variations  of  demand 
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e Based  on  large  general  aviation  airports  with 
small  monthly  variations  of  demand. 

f Based  on  large  general  aviation  airports  with 
moderate  monthly  variations  of  demand. 

g Based  on  medium  size  general  aviation  airports 
with  substantial  monthly  variations  of 
demand. 

When  possible,  it  is  desirable  to  use  site  specific  annual 
operation  distributions.  A monthly  summary  of  total  operations 
by  airport  can  be  obtained  by  contacting: 

Information  Operations  Branch,  AMS- 220 
DOT/ FA A 

800  Independence  Ave. , S.W. 

Washington,  D.C.  20590 

(202)  426-3791 

More  detail  data  containing  the  daily  tower  count  can  be 
obtained  by  contacting: 

Aviation  Forecast  Branch,  AVP-120 
DOT/ FA A 

800  independence  Ave.,  s.w. 

Washington,  D.C.  20590 

(202)  426-3103 

The  sequence  in  which  monthly  percents  are  entered  is  not 
important.  However,  the  distribution  of  annual  operations  must 
be  coordinated  with  the  annual  weather  distribution. 

b.  Monthly  Distribution  of  Weather.  The  monthly 
distribution  of  weather  is  defined  as  the  percent  of  the  time 
that  VFR,  TFR  and  PVC  operating  conditions  occur  each  month. 

The  Cn-line  Annual  Delay  Model  has  four  built-in  distributions 
of  weather.  These  are  identified  by  annual  weather 
distribution  letters. 

a 99*  VFR,  1*  IFR,  OX  PVC 
b 95%  VFR,  4*  IFR,  IX  PVC 
C 88%  VFR,  11%  IFR,  1%  PVC 
d 80X  VFR,  18%  IFR,  2%  PVC 

When  possible,  it  is  desirable  to  use  site  specific  weather 
distributions.  Monthly  weather  data  can  be  obtained  from  the 
National  weather  Records  Center  in  Ashville,  North  Carolina. 

The  input  weather  percentaaes  represent  the  percent  of  the  days 
where  that  weather  condition  exists  all  day.  Therefore,  the 
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percent  of  the  days  which  are  VFR,  IFR,  and  PVC  should  not 
include  weather  conditions  which  only  occur  during  very  low 
demand  periods  of  the  day;  e.g. , do  not  include  in  this 
proportion  days  during  which  the  bad  weather  only  occurs 
between  10:00  p. m.  and  5:00  a.m. 

c.  Daily  Demand  Distribution.  The  daily  demand 
distribution  is  defined  as  the  percent  of  the  weekly  demand 
that  occurs  in  each  day. 

The  On-line  Annual  Delay  Model  has  six  built-in  distributions 
of  daily  demand.  These  are  identified  by  daily  demand 
distribution  letters. 

a Same  demand  per  day 
b Peak  day  = 1.15  x (minimum  day) 

c Peak  day  = 1.25  x (minimum  day) 

d Peak  day  = 1.50  x (minimum  day) 

e Peak  day  = 1.70  x (minimum  day) 

f Two  days  each  with  25%  of  the  weeks  demand,  the 
other  five  days  each  have  10% 

When  possible,  it  is  desirable  to  use  site  specific  daily 
demand  distributions.  Data  on  the  daily  distribution  of  demand 
is  contained  in  "Tower  Airport  Statistics  Handbook"  published 
annually  by: 

Chief,  Aviation  Forecast  Branch,  AVP-120 
DOT/FAA 

800  Independence  Ave.,  S.w. 

Washington,  D.C.  20590 

(202)  426-3103 

The  sequence  in  which  the  daily  demand  distribution  percentages 
are  entered  has  no  impact  on  annual  delay.  The  important  data 
is  the  magnitude  of  the  seven  numbers.  The  Annual  Delay  Model 
assumes  that  every  week  of  each  month  has  the  same  daily  demand 
distribution. 

d.  Hourly  Demand  Pi3tri bution.  The  hourly  demand 
distribution  is  defined  as  the  percent  of  the  daily  demand  that 
occurs  in  each  hour. 

The  On-line  Annual  Delay  Model  has  nine  built-in  distributions 
of  hourly  demand.  These  are  identified  by  hourly  demand 
distribution  letters. 

a Uniform  over  16  hours 

b Based  on  the  three  larqest  air  carrier  airports 
c Based  on  the  rest  of  the  10  largest  air  carrier 
airports 

d Based  on  other  airports  in  the  20  largest  air 
carrier  airports 


e Based  on  selected  medium  hub  air  carrier  air- 
ports 

f Based  on  selected  large  general  aviation  air- 
ports 

g Based  on  selected  small  hub  air  carrier  airports 
h Based  on  selected  medium  sized  general  aviation 
airports 

i Based  on  selected  small  general  aviation  air- 
ports 

When  possible,  it  is  desirable  to  use  site  specific  hourly 
demand  distributions.  Data  on  the  hourly  distribution  of 
demand  can  usually  be  obtained  by  contacting  the  tower  chief  at 
the  respective  airport. 

e.  Hourly  Distribution  of  Demand  by  Weather  Condition. 
The  On-line  Annual  Delay  Model  considers  three  weather  condi- 
tions; i.e.,  VFR , IFR  and  PVC.  These  weather  conditions  have 
the  same  meanings  as  used  in  Chapter  3. 

The  On-line  Annual  Delay  Model  will  allow  the  level  of  opera- 
tions in  IFR  and  PVC  to  be  set  equal  to  some  percent  of  the 
level  of  operations  in  VFR.  This  accounts  for  the  general 
phenomena  that  demand  in  IFR  is  lower  than  in  VFR  because 
uninstrumented  aircraft  are  prevented  from  using  the  runways, 
and  demand  in  PVC  is  much  lower  than  VFR  because  of  poor 
operating  conditions. 

f.  Runway  Use  Configuration  Utilization  Percent  by 
Weather.  The  On-line  Annual  Delay  Model  requires  the  percent 
of  the  time  that  each  runway  use  configuration  is  used.  This 
is  done  for  all  VFR,  all  IFR  and  all  PVC  runway  use 
configurations.  The  model  assumes  that  the  capacity  of  each 
runway  use  conf igurat ion  is  constant  across  the  day. 

Therefore,  it  is  advisable  not  to  enter  data  for  runway  use 
configurations  that  are  only  used  during  very  low  demand  time 
periods  (e.g.,  10:00  p.m.  to  5:00  a.m.). 

It  is  recommended  that  only  runway  use  configurations  that 
occur  for  at  least  2%  of  the  VFR,  or  IFR  or  PVC  days  be 
considered  in  the  annual  delay  analysis. 

g.  Demand  Profile  Factor.  The  demand  profile  factor  is 
defined  as  the  percent  of  the  hourly  demand  that  occurs  in  the 
peak  15  minutes.  To  allow  for  the  variation  of  demand  profile 
factor  from  hour  to  hour,  input  the  average  demand  profile 
factor  for  the  busy  hours  of  the  day. 

h.  Touch-and-Go  Operations.  Touch-and-go  operations  do 
not  normally  occur  during  busy  hours  at  commercial  airports. 
Therefore,  touch-and-go  operations  3hould  be  excluded  from  the 
annual  operations  when  determining  annual  delay  for  commercial 
airports.  If  touch-and-go  operations  are  included  in  the 
annual  operations  for  a general  aviation  airport,  the  hourly 


capacities  should  be  based  on  the  same  percent  touch-and-go. 

The  Annual  Delay  Model  treats  touch-ang-go  operations  as  one 
arrival  and  one  departure.  If  a runway  use  configuration 
consists  of  one  runway  used  exclusively  for  touch-and-go 
operations  and  one  runway  for  arrival  and  departure  operations, 
the  annual  delay  analysis  should  be  done  separately  for  each 
runway. 


6.3  Data  Reguests 

The  following  defines  the  data  reguests  and  acceptable  inputs 
for  the  On-line  Annual  Delay  Model: 

ENTER  ANNUAL  DEMAND 

This  data  request  is  typed  after  the  program  identification 
code  is  entered  (e.g. , EX  AND).  Enter  the  total  number  of 
arrivals  plus  departures  for  the  year.  A comma  is  not  used  for 
values  over  1000  (e.g.,  enter  225000  instead  of  225,000). 

ENTER  FOR  EVERY  MONTH 

PERCENT  OF  ANNUAL  DEMAND 

PERCENT  OF  MONTH  WHICH  IS  VFR,  IFR,  AND  PVC 
JANUARY 

Four  numbers  should  be  entered  on  the  line  immediately  after 
the  word  January  (e.g.,  7.6  96  3 1).  A space  should  separate 
each  number.  Tne  first  number  is  January's  percent  of  annual 
operations  and  the  second,  third,  and  fourth  numbers  are  the 
percent  of  January  days  which  are  VFR,  IFR,  and  PVC 
respectively.  The  second,  third,  and  fourth  numbers  must  sum 
to  100.  The  terminal  will  request  data  for  FEBRUARY  as  soon  as 
valid  input  data  is  provided  for  January.  This  process  is 
repeated  until  the  data  have  been  entered  for  all  12  months. 

The  terminal  will  repeat  the  entire  data  request  if  the  monthly 
percentages  of  annual  operations  do  not  sum  to  100. 

As  an  alternative  to  enterinq  the  annual  operations  and  weather 
distributions,  the  user  can  enter  an  annual  operations  distri- 
bution letter  and  annual  weather  distribution  letter  for  the 
JANUARY  input.  The  On-line  Annual  Delay  Model  will  then 
proceed  to  the  next  question. 

ENTER  IFR  AND  PVC  OPERATIONS  AS  A PERCENT  OF  VFR 
OPERATIONS 

This  data  request  requires  two  numbers  (each  between  0 and  100) 
be  entered  with  a space  between  them.  The  first  number  is: 

100  times  the  operations  on  an  average  IFR  day  divided  by 
operations  on  an  average  VFR  day.  The  second  number  is:  100 

times  the  operations  on  an  average  PVC  day  divided  by 
operations  on  an  average  VFR  day. 
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ENTER  DAILY  OPERATIONS  AS  A PERCENT  OF  WEEKLY 
OPERATIONS  MONDAY 

This  data  request  requires  one  number  (between  0 and  100)  be 
entered.  The  terminal  will  type  TUESDAY  after  a number  is 
entered  for  Monday;  another  number  should  be  entered  on  this 
line.  This  process  is  repeated  until  a number  has  been  entered 
for  each  day  of  the  week.  This  entire  data  request  is  repeated 
if  the  seven  numbers  do  not  sum  to  100. 

As  an  alternative  to  entering  the  daily  demand  distribution, 
the  user  can  enter  the  daily  demend  distribution  letter  for  the 
MONDAY  input.  The  On-line  Annual  Delay  Model  will  then  proceed 
to  the  next  question. 

ENTER  HOURLY  OPERATIONS  AS  A PERCENT  OF  DAILY 

OPERATIONS 

0-1 

This  data  request  requires  one  number  (between  0 and  100)  be 
entered.  The  terminal  will  automatically  type  "1-2”  as  soon  as 
data  has  been  entered  for  the  hour  "0-1."  This  process  is 
repeated  through  the  hour  "23-24.”  The  terminal  will  repeat  the 
entire  data  request  if  the  24  numbers  do  not  sum  to  100. 

As  an  alternative  to  entering  the  hourly  demand  distribution, 
the  user  can  enter  the  hourly  demand  distribution  letter  for 
the  0-1  input.  The  On-line  Annual  Delay  Model  will  then 
proceed  to  the  next  question. 

ENTER  DEMAND  PROFILE  FACTOR 

This  data  request  requires  one  number.  Acceptable  values  of 
the  demand  profile  factor  are  25,  30,  35,  40,  45  and  50. 

ENTER  THE  FOLLOWING  FOR  EVERY  VFR  RUNWAY  USAGE: 
RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX 
INDEX,  HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  THE 
VFR  DAYS  USED 

This  data  request  requires  one  or  more  lines  of  data  where  each 
line  of  data  is  for  a specific  VFR  runway  use  configuration. 

The  first  number  per  line  is  an  integer  1 through  122  which 
defines  the  runway  use  conf iguration  as  illustrated  in  Figure 
6-1.  (Figure  2-2  in  the  computer  question  refers  to  Figure  2-2 
in  reference  b. ) The  second  number  is  the  mix  index;  i.e.,  * C 
aircraft  ♦ 3 % D aircraft.  The  third  number  is  the  hourly 
runway  capacity  as  computed  from  Chapter  2 or  3.  The  fourth 
number  per  line  is  the  percent  of  the  VFR  days  that  the  runway 
use  configuration  is  used.  The  percent  of  the  VFR  days  used 
summed  over  all  VFR  runway  use  configurations  must  sum  to  100. 

Any  number  of  lines  of  data  can  be  entered.  Every  line  of  data 
has  four  numbers.  The  first  number  is  an  integer  1 through 


122,  the  second  number  is  an  integer  0 through  300,  the  third 
number  is  a positive  number  less  than  500,  and  the  fourth 
number  is  between  1 and  100. 


ENTER  THE  FOLLOWING  FOR  EVERY  IFK  RUNWAY  USAGE: 
RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX 
INDEX,  HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  THE 
IFR  DAYS  USED 

This  data  request  is  the  IFR  version  of  the  preceeding  data 
request.  The  input  format  is  identical  to  that  for  VFR  runway 
usaqes.  The  computer  will  go  to  the  next  data  request  when  the 
"percent  of  the  IFR  days  used"  sums  to  100. 

ENTER  THE  FOLLOWING  FOR  EVERY  PVC  RUNWAY  USAGE: 
RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX 
INDEX,  HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  THE 
PVC  DAYS  USED 

This  data  request  is  the  PVC  version  of  the  previous  two  data 
requests.  It  is  necessary  to  enter  data  for  this  data  request 
even  if  PVC  weather  does  not  occur  (e.g.,  enter  111  100). 


6. 4 Output 

immediately  after  the  PVC  runway  use  configuration  data  is 
entered,  the  On-line  Annual  Delay  Model  will  type  an  input 
summary.  The  input  summary  defines  the  data  used  to  determine 
annual  delay;  this  includes  the  actual  data  if  built-in  data  is 
used  for:  monthly  percent  of  annual  operations  and  monthly 
weather  distribution,  daily  percent  of  the  weekly  operations, 
the  hourly  percent  of  the  daily  operations.  The  input  summary 
does  not  contain  any  error  messages  and  can  serve  as  a 
permanent  record  of  inputs  used  for  the  calculation. 

The  output  of  the  On-line  Annual  Delay  Model  is  typed  after  the 
input  summary.  The  outDut  includes: 

a.  the  total  annual  runway  delay  (in  hours  and  minutes) 

b.  the  average  runway  delay  per  operation  (in  minutes) 

c.  thf'  distribution  of  delay  per  operation 


After  the  output  is  printed,  it  is  possible  to  do  parametric 
variations  on  annual  opeations.  The  teletype  will  print:  DO 

YOU  WISH  TO  DETERMINE  ANNUAL  DELAY  FOR  ANOTHER  ANNUAL  DEMAND? 

If  a "y"  response  is  given,  the  terminal  will  make  the  data 
request  ENTFR  ANNUAL  DEMAND  and  calculate  annual  delay  assuming 
all  other  inputs  are  identical.  If  any  response  other  than  "y" 
is  given,  the  terminal  will  type  the  following  data  request: 
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DO  YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION? 


i 


A "y”  response  to  this  data  request  will  repeat  the  entire 
series  of  data  requests  for  the  On-line  Annual  Delay  Model. 

Any  other  response  will  automatically  terminate  use  of  the  On- 
line Annual  Delay  Model. 


6.5  Optional  uses  of  On-line  Annual  Delay  Model 

The  On-line  Annual  Delay  Model  can  be  used  with  built-in  demand 
distribution  data  to  calculate: 

The  delay  for  an  hour 

The  delay  for  a series  of  hours 

The  delay  for  a day 

The  delay  for  a week 

The  delay  for  a month 

Measures  of  annual  capacity 

The  followinq  defines  procedures  for  determining  these  outputs: 

a.  Hourly  Delay.  The  hourly  delay  for  a given  demand 
per  hour  can  be  determined  by: 

1)  Entering  annual  operations  equal  to  the  hourly 

demand  x 5840.  (NOTE:  The  On-line  Annual 

Delay  Model  requires  an  annual  demand  equal 
to  5840  times  hourly  demand  and  the  use  of 
hourly  demand  distribution  letter  a in  order 
to  compute  average  delay  per  operation  for 
the  desired  hourly  demand.) 

2)  Entering  a for  the  JANUARY  annual  demand 

distribution  data. 

3)  Enterinq  100  100  for  IFR  and  PVC  operations  as  a 

percent  of  VFR. 

4)  Entering  a for  the  MONDAY  daily  demand 

distribution  data. 

5)  Entering  a for  the  0-1  hourly  demand  distri- 

bution data. 

6)  Entering  100  for  the  percent  of  VFR  days  used  in 

the  runway  use  configuration  capacity  data. 
Enter  the  appropriate  runway  use  diagram 
number,  mix  index  and  hourly  runway  capacity. 

7)  Entering  the  same  capacity  and  percent  utiliza- 

tion data  for  IFR  and  PVC  conditions  as  was 
used  for  VFR  conditions. 


f 
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The  model  output  of  average  delay  per  operation  is  the  average 
delay  per  operation  for  the  hour  under  consideration. 

b.  Delay  for  a Series  of  Consecutive  Hours.  The  delay 
for  2 or  more  consecutive  hours  up  to  24  hours  can  he 
determined  by: 

1)  Entering  annual  operations  egual  to  the  total 

hourly  demand  for  the  series  of  hours  x 365. 

2)  Entering  a for  the  January  annual  demand 

distribution  data. 

3)  Entering  100  100  for  IFR  and  PVC  operations  as  a 

percent  of  vfr. 

4)  Entering  a for  the  Monday  daily  demand  distri- 

bution data. 

5)  Enterinq  the  hourly  demand  percents  based  on  the 

total  demand  for  the  series  of  hours  under 
consideration.  Enter  zero  for  all  other 
hours.  The  entered  values  must  sum  to  100.0. 

6)  Entering  100  for  the  percent  of  VFR  days  used  in 

the  runway  use  configuration  capacity  data. 
Enter  the  appropriate  runway  use  diagram 
number,  mix  index  and  hourly  runway  capacity. 

7)  Entering  the  same  capacity  and  percent  utiliza- 

tion data  for  IFR  and  PVC  conditions  as  was 
used  for  VFR  conditions. 

The  model  output  of  average  delay  per  operation  is  the  average 
d<»lay  per  operation  over  the  time  span  considered. 

c.  Daily  Delay.  The  average  delay  per  operation  for  a 
day  can  be  determined  by  following  the  procedure  defined  by  b. 
above  using  an  hourly  demand  distribution  for  the  complete  24- 
hour  period. 

d.  Weekly  Delay.  The  averaqe  delay  per  operation  for  a 
particular  week  can  be  determined  by  computing  the  daily  delay 
for  the  conditions  specific  to  each  day  (or  group  of  days)  of 
the  week. 

e.  Monthly  Delay.  The  average  delay  per  operation  for  a 
particular  month  can  be  determined  by  computing  the  daily  delay 
for  the  conditions  specific  to  each  day  (or  group  of  days)  of 
the  month. 

f.  Measures  of  Annual  Capacity.  The  On-line  Annual 
Delay  Model  can  be  used  to  determine  a level  of  service  of 
annual  capacity  based  on: 
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1) 


The  averaqe  delay  per  operation  produced  by  a 
qiven  number  of  annual  operations. 

2)  The  percent  of  annual  operations  having  delays 

in  excess  of  some  selected  delay  per  opera- 
t ion . 

3)  Some  combination  of  the  above. 

The  procedure  is  to  operate  the  model  at  different  values  of 
annual  operations  but  keeping  all  other  inputs  fixed.  This  can 
easily  be  done  by  entering  "y"  to  the  question:  DO  YOU  WISH  TO 

DETERMINE  ANNUAL  DELAY  FOR  ANOTHER  ANNUAL  DEMAND?  The  model 
output  can  then  be  analyzed  to  determine  annual  capacity  based 
on  user  specified  level  of  service  considerations. 


Examples 


The  following  examples  illustrate  the  use  of  On-line  Annual 
Delay  Model  Version  1.  Common  data  for  all  examples  are: 


Percent  Arrival  = 50 
Percent  Touch-and-Go  = 0 

Mix  index  = 120;  i.e.,  0%A,  10%B,  60%C,  30%D 
Demand  Profile  Factor  = 40 


Percent 

Diagram  Capacity  Utilization 


Geometry 

Number 

VFR 

IFR 

VFR 

IFR 

Sinqle  Runway 

1 

54 

52 

10 

30 

Parallel  Runway 
Intersecting 

2 

77 

60 

50 

45 

Runway 

43 

75 

59 

40 

25 

Example  1 

Compute  the  total  annual  delay  and  average  annual  delay  per 
operation  for  the  following  conditions: 

Annual  demand  = 200,000  and  300,000  operations/year 

Annual  demand  distribution  b 

Annual  weather  distribution  a 

Daily  demand  distribution  d 

Hourly  demand  distribution  b 

IFR  demand  - 90%  of  VFR  demand 

The  computer  dialogue  for  this  problem  is  shown  in  Figure  6-1. 
The  annual  delay  is: 

Annual  Demand 
200000 
300000 


Annual  Delay 
1396  hours 
9697  hours 
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NOTE:  The  ***  in  the  Input  Summary  for  VFR  weather  means 

that  VFR  weather  conditions  occur  100  percent  of  the  month. 

Example  2 

Analyze  annual  delay  for  the  followinq  conditions: 

Annual  demand  = 250,000  operations 
IFR  demand  = 100*  Oi.  VFR  demand 

Annual  Demand  Distribution 


January 

9.  1 

July 

7.7 

February  9.4 

August 

7.4 

March 

9.4 

September 

7.4 

April 

9.4 

October 

8.0 

May 

8.0 

November 

8.  1 

June 

7.4 

December 

8.7 

Annual  Weather  Distribution 

VFR  TFR  PVC 

VFR 

IFR  PVC 

January 

91  9 0 

July 

84 

16  0 

February 

90  10  0 

August 

87 

1 3 0 

March 

9 1 9 0 

September 

86 

14  0 

April 

87  13  0 

October 

86 

14  0 

May 

90  10  0 

November 

87 

1 3 0 

June 

89  11  0 

December 

89 

1 1 0 

Daily  Demand  Distribution 

Monday 

14 

Friday 

15 

Tuesday 

16 

Saturday 

13 

Wednesday  14 

Sunday 

13 

Thursday  15 

Hourly  Demand  Distribution 

0-1 

2.  27 

6-7  1.53 

12-13  5.28 

18- 

19  6.51 

1 2 

1.81 

7-8  4.11 

13-14  5.56 

19- 

20  6.69 

2-3 

1.19 

8-9  6.47 

14-15  5.16 

20- 

21  5.94 

3-4 

0.92 

9-10  6.09 

15-16  5.18 

21- 

22  4.28 

4-5 

0.55 

19-11  4.69 

16-17  6.23 

22- 

23  3.20 

5-6 

0.74 

11-12  5.73 

17-18  6.93 

23- 

24  2.94 

The  computer  dialogue  for  this  problem  is  shown  in  Figure  6-2. 
The  total  annual  delay  is  5019  hours.  The  average  delay  per 
operation  is  1.2  minutes. 


Example  3 

For  the  conditions  given  in  Example  1,  compute  the  annual  demand 
that  produces  an  average  delay  of  1.0  minutes  per  operation. 
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The  followinq  additional  runs  were  made  for  the  conditions  qiven 
in  example  1.  The  results  were: 


Annual  Demand 

200.000  operations 

250.000  operations 

265.000  operations 

270.000  operations 

275.000  operations 

300.000  operations 


Averaqe  Annual  Delay 
0.42  minutes 
0.73  minutes 
0.92  minutes 
1.07  minutes 
1.22  minutes 
1.94  minutes 


From  these  results,  an  annual  demand  of  approximately  267,500 
operations  will  produce  an  averaqe  annual  delay  per  operation 
of  1 .0  minutes. 

Example  4 

For  the  conditions  qiven  in  Example  1,  compute  the  averaqe 
delay  per  operation  in  VFR  for  the  sinqle  runway  for  the 
followinq  4 consecutive  hours. 


Hour 

Demand 

Demand  Di 

15-16 

40 

22% 

16-17 

50 

28% 

17-18 

60 

33% 

18-19 

30 

17% 

The  computer  dialoque  for  this  problem  is  shown  in  Fiqure  6-3. 
The  annual  demand  equals  180  x 365  = 65,700  operations.  The 
averaqe  delay  is  1.34  minutes  per  operation. 


ox  anc’ 


computer  dialogue  for  example  i 

Fionp.r  r-i 


***  COMP UTERI ZED  ANNUAL  DELAY  *** 
VERSION  1 (MAY  1976) 


ENTER  ANNUAL  DEMAND 
200000 

ENTER  FOP  EVERY  MONTH: 

PERCENT  OF  ANNUAL  DEMAND 

PERCENT  OF  MONTH  WHICH  IS  VFR,  IFR, 

AND  PVC 


JANUARY 

b,a 

ENTER  IFR  AND  PVC  OPERATIONS  AS  A 

PERCENT  OF  VFR  OPERATIONS 

90,90 

ENTER  DAILY  OPERATIONS  AS  A 
PERCENT  OF  WEEKLY  OPERATIONS 


ENTER  HOURLY  OPERATIONS  AS  A 
PERCENT  OF  DAILY  OPERATIONS 


ENTER  DEMAND  PROFILE  FACTOR 
40 

ENTER  THE  FOLLOWING  FOR  EVERY  VFR  RUNWAY  USE : 

RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE.  2-2,  MIX  INDEX, 
HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  VFR  DAYS  USED 
1- 

1,120,54,10 

2- 

2,120,77,50 

3- 

43,120,75,40 

ENTER  THE  FOLLOWING  FOR  EVERY  IFR  RUNWAY  USE: 

RUNWAY  USE  DIAGRA1  NUMBER  FROM  FIGURE  2-2,  MIX  INDEX, 
HOURLY  RUNWAY  CAPACITY,  AID'  PERCENT  OF  IFR  DAYS  USED 

1- 

1,120,52,30 

2,120,60,45 

3- 

43, 120, 59,25 

ENTER  THE  FOLLOWING  FOR  EVERY  PVC  RUNWAY  USE: 

RUNWAY  USE  DIAGRA1  NUMBER  FROM  FIGURE  2-2,  MIX  INDEX, 
HOURLY  RUNWAY  CAPACITY,  AID  PERCENT  OF  PVC  DAYS  USED 


1,120, 50,100 


***  INPUT  SUMMARY  *** 
COMPUTERIZED  ANNUAL  DELAY 
VERSION  1 (“1AY  1976) 


ANNUAL  OPERATIONS  200009 


FIGURE  6-1  (Cont.) 


S OF 
ANNUAL 


MONTHLY  WEATHER  ”, 


MONTH 

OPERATIONS 

VFR 

IFR 

PVC 

JAN 

3.0 

98. 

2 

0. 

FEB 

7 . C 

90. 

2 . 

0. 

MAR 

3.1 

93. 

2 . 

0. 

APR 

0.0 

99. 

1 . 

0. 

MAY 

3.2 

99. 

1 . 

0. 

JUN 

0.7 

*** 

0. 

0. 

JUL 

8.0 

**  * 

0. 

0. 

AUG 

0.9 

*** 

0. 

0. 

SEP 

8.7 

*** 

0. 

0. 

OCT 

0.7 

99. 

1. 

0. 

NOV' 

0.2 

98. 

2 . 

0. 

DEC 

0.1 

99. 

1. 

0. 

DAILY  OPERATIONS  (IFR  DAY ) / (VFR  DAY)  = 90.  O'- 
DAILY OPERATIONS  (rVC  DAY) / (VFR  DAY)  = 90. 0" 


DAILY  OPERATIONS  AS  A PERCENT  a’  WEEKLY  OPN. 
MON  TUBS  WED  THU  FRI 

15.0  12.0  12.0  13.0  10.0 


HOURLY  OPNS  AS  A PERCENT  OF  DAILY  OPUS 


0-  1 

2.3 

6-  7 

1.5 

12-13 

5.3 

18-1° 

6.5 

1-  2 

1.8 

7-  3 

4. 1 

13-14 

5.6 

1o_20 

6.7 

2-  3 

1.2 

3-  9 

6.5 

14-15 

5.9 

20-21 

5.° 

3-  4 

9.9 

9-1  0 

C.1 

15-16 

5.2 

o i _ o p 

4.3 

4-  5 

0.6 

19-1  1 

4.7 

16-17 

6.2 

22-23 

3.2 

5-  6 

0.7 

11-12 

5.7 

17-13 

6.0 

2 3-94 

2.0 

DEMAND  PROFILE  FACTOR  = 40 


VFR  RUNWAY  USAGES 


FIG 

MIX 

HOURLY 

% DAYS 

NO. 

INDEX 

CAPACITY 

USED 

1 

1 20 

54. 

10. 

o 

120 

77. 

50. 

43 

120 

75. 

40. 

IFR 

RUNWAY  USAGES 

1 

120 

52. 

30. 

2 

120 

60. 

45. 

43 

120 

53  . 

25. 

PVC  RUNWAY  USAGES 


******************** 


FIGURE  6-1  (Cont.) 


***************************************************************** 

ANNUAL  SUMMARY 


AVERAGE 

DELAY 

DISTRIBUTION 

(MINUTES) 

PERCENT 

LEAST 

LESS  THAN 

OCCURRENCE 

0.0 

0.2 

12.585 

0.2 

0.4 

36.868. 

0.4 

0.6 

32.344 

0.6 

0.8 

12.539 

0.3 

1.0 

4 . 0 /i  9 

1.0 

1.2 

0.203 

1.2 

1.4 

0.085 

1.4 

1.6 

0.362 

1.6 

1.3 

0.339 

1.8 

2.0 

0.191 

2.0 

3.0 

O.403 

3.0 

4.0 

0.057 

MEAN  OF 

AVERAGE  DEIAY 

= 0.42 

STANDARD  DEVIATION 

= 0.19 

:*  + ****  + * + * ********************* 

ANNUAL  DELAY  = 1396.229  HOURS 
ANNUAL  DEMAND  = 200000  OPERATIONS 

AVERAGE  DELAY  = 0.02  MINUTES— AIRCRAFT 


DO  YOU  WISH  TO  DETERMINE  ANNUAL  DELAY 
FOR  ANOTHER  ANNUAL  DEMAND? 

y 

ENTER  ANNUAL  DEMAND 
300000 


I €' 


***  INPUT  SUMMARY  *+* 
COMPUTERIZED  ANNUAL  DELAY 
VERSION  1 (MAY  1976) 


ANNUAL  OPERATIONS  300000 


MONTHLY  WEATHER  5 


S OF 


MONTH 

ANNUAL 

OPERATIONS 

VFR 

IFR 

JAN 

3.0 

93. 

0 

dm  • 

FEB 

7.6 

93. 

2 • 

MAR 

8.1 

98. 

2. 

APR 

8.0 

99. 

1. 

MAY 

8.2 

99. 

1 . 

JUN 

3.7 

*** 

0. 

JUL 

8.3 

*** 

0. 

AUG 

3.9 

+ ** 

0. 

SEP 

3.7 

*** 

0. 

OCT 

3.7 

99. 

1 . 

NOV 

3.2 

93. 

2. 

DEC 

8.1 

99. 

1 . 

PVC 

0. 

0. 

0. 

0.  FIGURE  6-1  (Cont.) 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

9. 


DAILY  OPERATIONS  ( IFR  DAY)/(YFR  DAY)  = 90.  OS 
DAILY  OPERATIONS  (PVC  DAY) / (VFR  DAY)  = 90. OS 


DAILY  OPERATIONS  AS  A PERCENT  OF  WEEKLY  OPN. 


MON 

TUES 

WED 

THU 

FRI 

SAT 

SUN 

15.0 

12.0 

12.0 

13.0 

18.0 

14.0 

16.0 

F'TRLY  OPNS 

AS  A 

PERCENT  Or 

DAILY  OPNS 

0-  1 

2.3 

6-  7 

1.5 

12-13 

5.3 

13-19 

6.5 

1-  2 

1 .3 

7-  3 

4.1 

13-14 

5.6 

19-20 

6.7 

2-  3 

1.2 

8-  9 

6.5 

14-15 

5.2 

20-21 

5.9 

3-  4 

0.9 

9-10 

6.1 

15-16 

5.2 

21-22 

4.3 

4-  5 

0.6 

10-11 

4.7 

16-17 

6.2 

22-23 

3.2 

5-  C 

0.7 

11-12 

5.7 

17-13 

6.9 

23-24 

2.9 

DEMAND  PROFILE  FACTOR  = 40 


VFR 

RUNWAY  USAGES 

FIG 

MIX 

HOURLY 

% DAYS 

NO. 

INDEX 

CAPACITY 

USED 

1 

120 

54. 

10. 

2 

120 

77. 

50. 

43 

120 

75. 

40. 

IFR 

RUNWAY  USAGES 

1 

120 

52. 

30. 

2 

120 

60. 

45. 

4 3 

120 

59  . 

25. 

PVC 

RUNWAY  USAGES 

1 

120 

50. 

100. 

* * 

****** 

* * * * 
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*****+**+**************t*+***+*******t*************************** 


ANNUAL  SUMMARY 


AVERAGE 

DELAY 

DISTRIBUTION 

(MINUTES) 

PERCENT 

AT  LEAST 

LESS  THAN 

OCCURRENCE 

0.0 

0.2 

7.154 

0.2 

0.4 

8.980 

0.4 

0.6 

12.317 

0.6 

0.3 

15.616 

0.8 

1.0 

15.077 

1.0 

1.2 

9.163 

1.2 

1.4 

6.597 

1.4 

1.6 

4.772 

1.6 

1.8 

3.336 

1.3 

2.0 

2.039 

2.0 

3.0 

7.152 

FIGURE  6-1 

(Cont.) 

3.0 

4.0 

2.28  0 

4.0 

5.0 

0.5  53 

5.0 

6.0 

0.282 

6.0 

7.0 

0 . 1 59 

7.0 

8.0 

0.307 

3.0 

9.0 

0.113 

9.0 

10.0 

0.12° 

10.0 

11.0 

0.044 

11.0 

12.0 

0.2oo 

12.0 

13.0 

0.120 

13.0 

14.0 

0.327 

14.0 

15.0 

0.057 

15.0 

16.0 

0.1C4 

16.0 

17.0 

0.O60 

17.0 

18.0 

0.034 

20.0 

21.0 

0 . nC3 

22.0 

23.0 

O.oro 

24.0 

25.0 

0.030 

25.0 

26.0 

0.123 

26.0 

27.0 

0.070 

47.0 

43.0 

0.299 

48.0 

49.0 

0.151 

49.0 

50.0 

0.1  49 

50.0 

51.0 

0.467 

52.0 

53.0 

0.1?6 

53.0 

54.0 

0.180 

54.0 

55.0 

0.355 

MEAN  OF  AVERAGE  DEI  AY  = 1 .0  4 

STANDARD  DEVIATION  = 2. SO 


ANNUAL 

DELAY  = 

9606.730 

HOURS 

ANNUAL 

DEMAND  = 

300000 

OPERATIONS 

AVERAGE 

DELAY  = 

1 .94 

MINUTES -AIRCRAFT 

DO  YOU  WISH  TO  DETERMINE  ANNUAL  DELAY 
FOR  ANOTHER  ANNUAL  DEMAND? 


199 


COMPUTER  DIALOGUE  FOR  F.NAUPLK  7 

figure  r-2 

cx  ancl 

***  COMPUTERIZED  ANNEAL  DELAY  *** 
VERSION  1 (!1AY  1976) 


ENTER  ANNUAL  DEMAND 
250000 

ENTER  FOR  EVERY  MONTH: 

PERCENT  OF  ANNUAL  DEMAND 

PERCENT  OF  MONTH  WHICH  IS  VFR,  IFR, 

AND  PVC 


JANUARY 
9.1  91  9 0 

FEBRUARY 

9.4  90  10  0 

MARCH 

9.4  91  9 0 

APRIL 

9.4  87  13  0 
MAY 

5.0  90  10  0 
JUNE 

3990  10  0 

FIRST  DATA  ITEM  IS  NOT  A NUMBER  OR  LETTER  A TO  G , 
INPUT  DATA  AGAIN 

JUKE 

7.4  80  11  0 
JULY 

7.7  04  16  0 

AUGUST 

7.4  37  13  0 

SEPTEMBER 

7.4  0G  14  0 

OCTOBER 

3.0  36  14  0 

NOVEMBER 

3.1  37  13  0 


DECEMBER 
0.7  89  11  0 


> 


ENTER  IFR  AND  PVC  OPERATIONS  AS  A 
PERCENT  OF  VFR  OPERATIONS 
100  100 


200 


FRIDAY 

15 

SATURDAY 

13 

Sunday 

13 

ENTER  HOURLY  OPERATIONS  AS  A 
PERCENT  OF  DAILY  OPERATIONS 

0-  1 

2.27 


1-  2 

1 .la 

DATA  ITEM  IS  NOT  A NUMBER  OR  LETTER  A TO  I,  INPUT  DATA  AGAIN 


1-  2 
1.81 

2-  3 
1.13 

3-  4 
.32 

4-  5 
.55 

5-  (5 
.74 


C-  7 

1 .53 

7-  3 

4.11 

3-  9 
6.47 

9-10 

G . 09 

10-11 

4.60 
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* i' 


_ 


f 


\ 


11-12 
5.  74a 

D7vTA  ITEM  IS  NOT  A HUMBER  OR  LETTER  A TO  I,  INPUT  DATA  AGAIN 

11-12 

5.73 

12-13 

5.23 

1 3-14 
5.56 

14- 15 

5. 1 G 

15- 1G 
5. 1C 

1G -17  FIGURE  f-2  (Cont.) 

G.23 

17-18 

6.93 

19-19 
G . 51 

19- 20 
6.69 

20- 21 

5.94 

21-22 

4.23 

22-23 

3.2 


23-24 

2.94 

ENTER  DEMAND  PROFILE  FACTOR 
40 

ENTER  THE  FOLLOWING  FOR  EVERY  VFR  RUNWAY  USE: 

RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIN  IN PEN, 
HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  VFR  DAYS  USED 

1- 

1 120  54  10 

2- 

2 120  77  50 

3- 

43  120  75  40 

ENTER  THE  FOLLOWING  FOR  EVERY  IFR  RUNWAY  USE: 

RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX  INDEX, 
HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  IFR  DAYS  USED 

1- 

1 120  52  30 

2- 

2 120  CO  45 

3- 


t 


I 


20? 


43  120  40  25 

ENTER  THE  FOLLOWING  FOR  EVERY  PVC  RUNWAY  USE: 

RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX  INDEX, 
HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  PVC  DAYS  USED 

1- 

1,50,50,100 


+**  INPUT 

SUMMARY 

*** 

COMPUTERIZED 

ANNUAL 

DELAY 

VERSION  1 

(MAY  1976) 

ANNUAL 

OPERATIONS  250000 

(5  OF 

MONTHLY  WEATHER 

ANNUAL 

MONTH 

OPERATIONS 

VFR 

IFR 

PVC 

JAN 

9.1 

91. 

9. 

0. 

FEB 

9.4 

90. 

10. 

0. 

MAR 

9.4 

91. 

9. 

0. 

APR 

9.4 

87. 

13. 

0. 

MAY 

8.0 

90. 

10. 

0. 

JUN 

7.4 

89. 

1 1 . 

0. 

JUL 

7.7 

84. 

16. 

0. 

AUG 

7.4 

87. 

13. 

0. 

SEP 

7.4 

86. 

14. 

0. 

OCT 

8.0 

86. 

14. 

0. 

NOV 

3.1 

87. 

13. 

0. 

DEC 

8.7 

89. 

11  . 

0. 

FIGURE  6-2  (Cont.) 


DAILY  OPERATIONS  ( IFR  DAY)  / (VFR  DAY)  =100.  O'" 
DAILY  OPERATIONS  (PVC  DAY)/ (VFR  DAY)  =100.00 


DAILY  OPERATIONS  AS  A PERCENT  OF  WEEKLY  OPN . 


MON 

TUES 

WED 

THU 

FRI 

SAT 

SUN 

14.0 

16.0 

14.0 

15.0 

15.0 

13.0 

13.0 

HOURLY 

OPNS  AS  A 

PERCENT  OF 

DAILY 

OPNS 

0-  1 

2.3 

6-  7 

1.5 

12-1  3 

5.3 

13-10 

6.5 

1-  2 

1 .8 

7-  8 

4.1 

13-14 

5.6 

1 9-20 

6.1 

2-  3 

1 .2 

3-  9 

6.5 

14-15 

5.2 

20-oi 

5.o 

3-  4 

0.9 

9-10 

6.1 

15-16 

5.2 

21-22 

i< . o 

4-  5 

0.6 

10-1 1 

4.7 

16-17 

6.2 

22-23 

3.2 

5-  6 

0.7 

1 1-12 

5.7 

17-18 

6.0 

23-24 

2.o 

DEMAND  PROFILE  FACTOR  = 40 

VFR  RUNWAY  USAGES 


FIG 

MIX 

HOURLY 

% DAYS 

NO. 

INDEX 

CAPACITY 

USED 

1 

120 

54. 

10. 

9 

120 

77. 

50. 

43 

120 

75. 

40. 

IFR 

RUNWAY  USAGES 

1 

120 

52. 

30. 

o 

120 

60. 

45. 

43 

120 

40. 

25. 

FIGURE  6-2  (Cont.) 


PVC  RUNWAY  USAGES 


50 


50.  100. 


******************** 


ANNUAL  SUMMARY 


AVERAGE 

DELAY 

DISTRIBUTION 

(MINU 

TES) 

PERCENT 

LEAST 

LESS  THAN 

OCCURRENCE 

0.0 

0.2 

3.773 

0.2 

0.4 

14. 154 

0.4 

0.6 

24.706 

0.6 

0.0 

20.707 

0.3 

1.0 

13.139 

1.0 

1.2 

5.6  39 

1 .7 

1.4 

2.105 

1.4 

1.6 

1 .751 

1.6 

1 . o 

1 .354 

1 .3 

2.0 

1 .034 

2.0 

3.0 

2.420 

3.0 

4.0 

1 .037 

4.0 

5.0 

0.4  38 

5.0 

6.0 

0.417 

6.0 

7.0 

0.153 

7.0 

8.0 

0.360 

0.0 

9.0 

0.143 

0.0 

10. 0 

0.005 

10.0 

11.0 

0.109 

11.0 

12.0 

0.195 

12.0 

13.0 

0.069 

13.0 

14.0 

0.036 

10.0 

10.0 

0.026 

10. o 

20.0 

0.073 

45.0 

46.0 

0.066 

46.0 

47.0 

0.055 

47.0 

40.0 

0.717 

43.0 

4 0.0 

0.122 

51  .0 

52.0 

0.195 

54.0 

55.0 

0.036 

56.0 

57.0 

0.131 

63.0 

64.0 

0.04  4 

I 

i 

I 


MEAN  OF  AVERAGE  DELAY 
STANDARD  DEVIATION 


1 .2D 

1.74 


ANNUAL  DELAY  = 5019.00^  HOUR? 

ANNUAL  DEMAND  = 25^00  OPERATIONS 

AVERAGE  DELAY  = 1 . ?0  KINUTES-A JECRAFT 


DO  YOU  NISH  TO  DETERMINE  ANNUAL  DELAY 
FOR  ANOTHER  ANNUAL  DEMAND? 
no 

DO  YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION? 
no 


FIGURE  6-2  (Cont.) 
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COMPUTER  DIALOGUE  FOR  lECAMPLF 
FIGURE  6-3 


***  COMPUTERIZED  ANNUAL  DELAY 
VERSION  1 U1AY  1976) 


ENTER  ANNUAL  DEMAND 
C 57  on 


ENTER  FOR  EVERY  MONTH: 

PERCENT  OF  ANNUAL  DEMAND 

PERCENT  OF  MONTH  WHICH  IS  VFR,  IFR, 

AND  PVC 


JANUARY 
a , a 

ENTER  IFR  AND  PVC  OPERATIONS  AS  A 
PERCENT  OF  VFR  OPERATIONS 
190,109 

ENTER  DAILY  OPERATIONS  AS  A 
PERCENT  OF  WEEKLY  OPERATIONS 


MONDAY 

a 

ENTER  HOURLY  OPERATIONS  AS  A 
PERCENT  OF  DAILY  OPERATIONS 


0-  1 

0 

1-  2 

0 

2-  3 

0 

3-  4 

0 

4-  5 

0 


6-  7 

r\ 


7-  9 
3 

3-  9 


9-10 


20f 


k 


- 


10-11 

0 


12-13 

0 

1 3-14 

0 

1 4-15 
0 


FIGURE  6- 3 (Cont.) 


15- 1C 


1(1-1  7 
23 

17-13 

33 

10-10 

17 

10-20 

0 

20-21 

0 

21-22 

0 

22- 23 
0 

23- 24 
0 

ENTER  D Ei". AND  PROFILE  FACTOR 
40 

ENTER  THE  FOLLOWING  FOR  EVERY  VFR  RUNWAY  USE: 

RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX  INDEX, 
HOURLY  RUNWAY  CAPACITY,  AMD  PERCENT  OF  VFR  DAY F USED 

1- 

1 ,120,54,  10 
->  _ 

2,  120,77, 50 

3- 

43, 120,75,40 

ENTER  THE  FOLLOWING  FOR  EVERY  IFR  RUNWAY  USE: 

RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX  INDEX, 
HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  IFR  DAYS  USED 

1- 

1,120,54,10 

2-  207 
2,120,77,50 

3- 

43, 120,75,40 


' * " A 


ENTER  THE  FOLLOWING  FOR  EVERY  PVC  RUNWAY  USE: 

RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX  INDEX, 
HOURLY  RUNWAY  CAPACITY,  AID  PERCENT  OF  PVC  DAYS  US FT) 

1- 

1 , 120,  54,  10 

2,120,77,50 

3- 

43, 120,75,40 

FIGURE  G-3  (Cont.) 


***  INPUT 

SUMMARY 

* ** 

COMPUTERIZED 

ANNUAL 

DELAY 

VERSION  1 

(MAY  1070) 

ANNUAL 

OPERATIONS  05700 

?5  OF 

MONTHLY  WEATHER  f 

ANNUAL 

MONTE 

OPERATIONS 

VFR 

IFR 

PVC 

J *i  3 

3.3 

03. 

2. 

0. 

FEB 

3.3 

03. 

2. 

0. 

MAR 

.3.3 

n n 

N U » 

O 

0. 

APR 

3.3 

00. 

i ! 

0. 

:iay 

.3.3 

n o 

i . 

0. 

JUN 

3.4 

* * * 

0. 

0. 

JUL 

3.4 

* * * 

0. 

0. 

AUG 

3.4 

*** 

0. 

0. 

SEP 

3.4 

*** 

0. 

0. 

OCT 

o t 

O m J 

90. 

1. 

0. 

MOV 

3.3 

03. 

2 

0. 

DEC 

3.3 

99. 

1.* 

0. 

DAILY 

OPERATIONS 

(IFR  DAY) /(VFR  DAY) 

=1 00. Of 

DAILY 

OPERATIONS 

(PVC  DAY) /(VFR  DAY) 

= 100. Of, 

DAILY 

OPERATIONS 

AS  A PERCENT  OF  WEEKLY  OPN. 

MON 

Tims 

WED 

THU 

FRI 

SAT 

SUM 

14.2 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

HOURLY  OP MS  AS  A 

PERCENT  OF 

DAILY  OP NS 

0- 

1 0.0 

G-  7 

0.0 

12-13 

0.0 

13-1" 

1- 

2 0.0 

7-  3 

0.0 

13-14 

0.0 

10-20 

3 0.0 

3-  0 

0.0 

14-15 

0.0 

20-21 

3- 

4 0.0 

0-1  n 

0.0 

15- 1C 

22.0 

21-22 

4- 

5 0.0 

10-1  1 

0.0 

10-17 

23.0 

29_o-> 

.J  “* 

C 0.0 

11-12 

0.0 

17-13 

33.  " 

23-2U 

203 

17." 

0.0 

0." 

0.0 

0." 

0.0 


rr  f 


DEMAND  PROFILE  FACTOR  = 40 

VFR  RUNWAY  USAGES 


FIG 

MIX 

HOURLY 

% DAYS 

NO. 

INDEX 

CAPACITY 

USED 

1 

120 

54. 

10. 

2 

120 

77. 

50. 

43 

120 

75. 

40. 

IFR 

1 

RUNWAY  USAGES 
120 

54. 

10. 

o 

120 

77. 

50. 

43 

120 

75. 

40. 

PVC 

1 

RUNWAY  USAGES 
120 

54  . 

10. 

2 

120 

77. 

50. 

FIGURE  6-3  (Cont.) 

4 3 

120 

75. 

40. 

* * 

******** 

****** 

* * * * 

************************************************  * * ************** 

ANNUA I.  SUMMARY 


AVERAGE 

DELAY 

DISTRIP.UTION 

(MINUTES) 

PERCENT 

LEAST 

LESS  THAN 

OCCURRENCE 

0.2 

0.4 

1 1 .707 

0.4 

0.6 

17.  N" 

0.6 

0.0 

5.003 

0.0 

1 .0 

1 ° . 5 5 7 

1.0 

1.2 

6.6.55 

1.2 

1.4 

8.06/' 

1.4 

1.6 

13.677 

1.C 

1 .0 

6.520 

1.3 

2.0 

1.477 

2.0 

3.0 

2 . 774 

3.  n 

4.0 

1 . 757 

4.0 

5.0 

0.077 

6.0 

7.0 

4.551 

7.0 

3.0 

0.014 

3.0 

0.0 

0.606 

MEAN  OF  AVERAGE  DEI  AY  = 
STANDARD  DEVIATION  = 

1.7» 

0.0  5 

ANNUAL  DELAY 
ANNUAL  DEMAND 
AVERAGE  DELAY 


146H.R1U 

G5700 

1 . 


DO  YOU  NISH  TO  DETERMINE  ANNUAL  DEI. AY 

for  another  annual  demand? 

no 

do  you  disk  to  perform  another  calculation? 
no 


HOURS 

OPERATIONS 
MINUTES- AIRCRAFT 


FIGURE  G-3  (Cont.) 


CHAPTER  7 - ON-LINE  ANNUAL  SERVICE  VOLUME  MODEL  VERSION  1 - 

ANNUAL  SERVICE  VOLUME 


7. 1 Introduction 

The  On-line  Annual  Service  Volume  Model  is  a tutorial  program 
for  calculating  annual  service  volume.  It  is  similar  in 
operation  to  the  On-line  Runway  Capacity  Model  discussed  in 
Chapter  3. 

Annual  service  volume  is  a measure  of  the  annual  capacity  of  an 
airport.  Annual  service  volume  is  not  a saturation  capacity 
but  rather  a level  of  service  capacity.  In  developing  the 
Annual  Service  Volume  Model  contained  in  this  chapter,  the 
following  level  of  service  criteria  were  used: 

a.  As  annual  demand  approaches  annual  service  volume, 
delay  to  aircraft  starts  to  increase  rapidly. 

b.  When  annual  demand  equals  annual  service  volume,  a 
reasonable  level  of  service  exists  for  much  of  the  year. 

c.  when  annual  demand  is  20  percent  more  than  annual 
service  volume,  the  airport  will  experience  severe  congestion. 

Annual  service  volume  is  useful  as  a quide  to  determine  the 
need  for  more  specific  analysis,  and  as  a preliminary  planning 
analysis  that  may  be  useful  in  the  National  Aviation  System 
Plan  (NASP)  or  state  and  regional  system  plans.  It  is  not 
meant  as  a replacement  for  detailed  hourly  evaluation  of 
complex  airport  operations,  and  should  not  be  the  sole 
justification  for  airfield  improvements,  entrance  into  the 
Airport  Development  Aid  Program  (ADAP)  or  other  allocations  of 
financial  resources. 

A list  of  computer  services  (or  timesharing  companies)  offering 
the  program  can  be  obtained  from: 

Chief,  Airport  Design  Branch,  ARD-410 
2 1 CO  Second  Street,  S.W. 

Washington,  D.C.  20590 

(202)  426-3685 


7.2  Model  Logic 

Annual  service  volume  is  computed  by  the  following  determin- 
istic equation: 

Annual  Service  Volume  = Cw  x ATP  x TOO 

DTD  x H 


2 


where 


cw  is  the  weighted  hourly  capacity,  computed  by 


N 

Cw  = ^.Ci  wi  Pi 

i=  1 

N 

Wi  Pi 
i=  1 


where  Pi  is  the  proportion  of  the  year  with  capacity 
Ci,  and  Wi  is  the  weight  to  be  applied  to  Ci  values. 
Wi  values  are  determined  from  the  following  table: 


Percent 

of 

Maximum 

Capacity 

VFR 

0-300 

Weight  Wi 
IFR 

Mix  Index 
0-20  21-50 

51-300 

90-100 

1 

1 

1 

1 

81-90 

5 

1 

3 

5 

66-80 

15 

2 

8 

15 

51-65 

20 

2 

12 

20 

0-50 

25 

4 

16 

25 

H is  the  percent  of  the  daily  demand  that  occurs  in  the  peak 
hour. 


ATD  is  the  annual  traffic  demand. 


DTD  is  the  daily  traffic  demand  for  the  average  day  of  the 
peak  month. 


The  factor  100/H  extends  an  hourly  capacity  to  a daily 
capacity.  The  factors  ATD/DTD  extends  the  daily  capacity  to  an 
annual  capacity. 


The  weighting  factors  Wi  were  established  emperieally  to  give 
annual  delays  per  aircraft  of  2 to  4 minutes.  The  mix  index 
used  in  association  with  the  Wi  factors  is  %C  ♦ 3%D,  where  C 5 
D aircraft  are  defined  in  Figure  1-1.  The  Wi  factors  are 
related  to  the  percent  of  maximum  capacity  to  account  for  the 
disproportionately  large  impact  on  delay  of  a low  hourly 
capacity  used  a small  percent  of  the  time.  The  same  wi  factors 
are  used  for  IFR  and  PVC. 


1 . 3 Input  Format 

The  following  is  a detailed  description  of  the  data  requests 
and  the  acceptable  inputs  for  the  On-line  Annual  Service  Volume 
Model : 
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ENTER  THE  NUMBER  OF  RUNWAY  USE  CONFIGURATIONS  TO  BE 
CONSIDERED. 

This  data  request  is  typed  after  the  nroqram  identification 
code  is  entered  (e.q.,  EXECUTE  ASV.RDL).  Allowable  inputs  are 
1 through  25. 

FOR  RUNWAY  USE  CONFIGURATION  NUMBER  1 

HC  = 

% = 

W ’ = 

MI  = 

HC  is  the  hourly  capacity  of  the  runway  use  configu- 
ration. 

* is  the  utilization  percent  of  the  runway  use  conf iquration. 

W is  the  weather  code  for  the  runway  capacity. 

MI  is  the  mix  index  associated  with  the  runway  use  confiqu- 
ration . 

Allowable  inputs  for  HC  are  0 throuqh  400.  If  HC  is  negative, 
the  run  will  be  aborted. 

Allowable  inputs  for  * are  1 throuqh  100.  If  X is  negative, 
the  run  will  be  aborted. 

Allowable  inputs  for  w are: 

1 for  VFR 

2 for  IFR 

3 for  PVC 

Allowable  inputs  for  MI  are  0 throuqh  180. 

This  series  of  questions  will  be  repeated  for  each  runway  use 
configuration.  If  the  summation  of  % over  all  runway  use 
configurations  does  not  equal  100,  the  user  will  be  requested 
to  reenter  % for  each  runway  use  conf iquration. 

ENTER  THE  PERCENT  OF  THE  DAILY  DEMAND  THAT  OCCURS  IN  THE 
PEAK  HOUR. 

Allowable  inputs  are  4 throuqh  20. 

ENTER  THE  ANNUAL  TRAFFIC  DEMAND. 

Allowable  inputs  are  1000  throuqh  1,000,000. 

ENTER  THE  DAILY  TRAFFIC  DEMAND  FOR  THE  AVERAGE  DAY 
OF  THE  PEAK  MONTH. 

Allowable  inputs  are  0 throuqh  4000. 
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7. 4 Input  Considerations 


The  followinq  factors  should  be  considered  in  determining 
annual  service  volume: 

a.  Operating  Period.  The  percent  utilization  for  each 

runway  use  configuration  should  be  based  on  conditions  that 
occur  during  potentially  busy  hours.  In  general,  late  niqhi- 
and  early  morning  hours  have  very  low  demands  and  thus  tend  to 
employ  runway  use  configurations  that  have  lower  capacities. 
Every  effort  should  be  made  to  eliminate  these  low  runway  use 
configurations  from  the  analysis.  For  example,  if  the  V^R 
capacity  between  7 a.m.  and  10  p.m.  was  140  operations  per  hour 
in  VFP  and  110  operations  in  IFR,  and  the  capacity  between  10 

p.m.  and  7 a.m.  was  70  operations  per  hour  because  the  traffic 

demand  did  not  require  the  use  of  all  runways,  the  annual 

service  volume  should  be  based  on  the  percent  occurrence  of  the 

VFR  and  IFR  capacities  between  7 a.m.  and  10  p.m. 

b.  Maintenance.  In  determining  the  percent  utilization 
of  each  runway  use  conf iguration  consideration  should  be  given 
to  the  fact  that  runways  will  be  down  periodically  for 
maintenance.  This  will  tend  to  decrease  the  percent 
utilization  of  high  capacity  runway  use  configurations  and 
increase  the  percent  utilization  of  low  capacity  runways. 

c.  Daily  and  Annual  Demand.  To  compute  annual  service 
volume  requires  information  on  annual  traffic  demand  (ATD)  and 
the  demand  for  the  averaqe  day  of  the  peak  month  (DTD) . If 
these  values  are  not  available  from  records,  they  can  be 
arrived  at  by  setting  the  ratio  (R)  of  ATD/DTD  equal  to  the 
equivalent  number  of  busy  days  durinq  the  year.  Airports  with 
a high  percent  of  commerical  aircraft  tend  to  have  a ratio  of 
around  340.  Airports  with  a high  percent  of  general  aviation 
aircraft  tend  to  have  a ratio  of  around  280.  After  having 
determined  the  equivalent  number  of  busy  days,  the  model  input 
for  DTD  should  be  set  equal  to  1000  and  ATD  would  then  be  1C00 
x R. 


d.  Peaking  Hour  Characteri sties . If  the  percent  of  the 
daily  demand  that  occurs  in  the  peak  hour  is  unknown,  H can  be 
approximated  by: 

H = (1/N)  x 100 

where 

N = Number  of  hours  in  which  90%  of  the  daily  demand 
occurs. 


7.5  Output 
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When  the  questions  described  in  paragraph  7.3  have  been 
answered,  the  program  will  print  the  annual  service  volume  in 
operations  per  year.  At  this  point,  it  is  possible  to  do 
parametric  variations  of  the  last  three  questions  of  paragraph 
7.3  without  reentering  the  hourly  capacity  information  for  each 
runway  use  configuration. 

DO  YOU  WANT  TO  MAKE  ANOTHER  CALCULATION  WITH  THE  SAME 
RUNWAY  USE  CAPACITIES  AS  BEFORE? 

If  YES  or  Y is  entered,  the  sequence  of  questions  starting  with 
ENTER  THE  PERCENT  OF  THE  DAILY  DEMAND  THAT  OCCURS  IN  THE  PEAK 
HOUR  will  be  repeated.  If  NO  or  N is  entered,  the  following 
question  is  asked: 

DO  YOU  WANT  TO  COMPUTE  ADDITIONAL  ANNUAL  SERVICE  VOLUME? 

If  YES  or  Y is  entered,  the  sequence  of  questions  startinq  with 
ENTER  THE  NUMBER  OF  RUNWAY  USE  CONFIGURATIONS  TO  BP  CONSIDERED 
will  be  repeated.  if  NO  or  N is  entered,  execution  of  the 
annual  service  volume  proqram  will  be  terminated. 

The  calculated  annual  service  volume  assumes  that  the  airport 
is  open  100%  of  the  year.  If  the  airnort  is  closed  Z percent 
of  the  year  due  to  inclement  weather,  the  annual  service  volume 
should  be  adjusted  downward  as  follows: 

True  ASV  = ASV(100  - Z)/100 


7. 6 Examples 


The  following  example  illustrates  the  use  of  the  On-line  Annual 
Service  Volume  Model  Version  1: 

Example  _1 

Comput°  the  annual  service  volume  (ASV)  for  the  following 
conditions: 

Annual  demand  = 115,200  and  137,400  operations 
Demand  on  average  day  of  peak  month  = 627  operations 
Demand  in  peak  hours  = IP*  of  daily  demand 


Runway 

Ciaqram 

Mix 

Hourly 

Percent 

Geometry 

Number 

Index 

Weather 

Capacity 

utilization 

Single 

1 

120 

VFR 

54 

3 

Parallel 

2 

120 

VFR 

77 

45 

Intersecting 

43 

120 

VFR 

75 

30 

Single 

1 

150 

IFR 

50 

7 

Parallel 

2 

150 

IFR 

60 

5 

Intersecting 

43 

150 

IFR 

60 

5 

Single 

1 

180 

PVC 

44 

5 
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The  computer  dialogue  for  this  problem  is  shown  in  Figure  7-1. 
The  annual  service  volume  is  129,475  operations  when  the 
annual  demand  is  115,200  and  154,427  when  the  annual  demand 
is  137,400. 


type 
00010 
0001  1 
00020 
oomo 
000/10 
00050 
00060 
00070 
00030 
00090 
00100 
00110 
00120 
00130 
00140 
00150 
00160 
**RED 
00161 


Program  Listing 

asv  .sf o 

DIMENSION  HC  (25 ) ,P(25)  ,WE(25)  ,MI  (25)  ,NAXrC(?S)  .rcC'M  ,W(”,5] 
INTEGER  ASV 


REAL  P,PMC,HC,MAXIIC 
STRING  01 (5) ,02 (5) 
DISPLAY  ' 


ANNUAL  SERVICE  VOLUME’ 

DISPLAY  ' COMPUTATION  PROGRAM' 

DISPLAY  ' ASV  VERSION  1 ' 

DISPLAY  ' ' 

DISPLAY  ' ' 

DISPLAY  ' DEFINATION  OF  INPUT  TERMS  USED  IN  T.EIS  PROGRAM;  ' 
DISPLAY  ' HC=HOURLY  RUNWAY  CAPACITY  OF  A SPECIFIER  RUNWAY 
DISPLAY  ' 5=  UTILIZATION  PERCENT  OF  A SPECIFIED  RUNWAY  TNT 

DISPLAY  ' W=  WEATHER  CODE;  VFE=1 , ITR-2,  PVC=1 ' 

DISPLAY  ' MI-MIX  INDEX-  5C+‘'3D' 

DISPLAY'  ' 

DISPLAY  ' ' 

700  ACCEPT'  ENTER  THE  HUMMER  OF  RUNWAY  T,SF  CONEIGUEATIOUS  " 

' > N 

IF  (N.GT. 25)  DISPLAY ' THE  NUMBER  OF  RUNWAY  USE  CONFIGDPATIO”G 


DEFINATION  OF  INPUT  TERMS  USED  IN  THIS  PROGRAM; ' 
HC-HOURLY  RUNWAY  CAPACITY  OF  A SPECIFIED  RUNWAY 
5=  UTILIZATION  PERCENT  OF  A SPECIFIED  RUNWAY  USE 
W=  WEATHER  CODE;  VFR=1 , ITR-2,  PVC=1 ' 

MI-MIX  INDEX-  5C+63D' 


?F  CO;  TIGURAT IO'N 


161.1 

00170 

00171 
00130 

00190 

00191 


IF  (N.GT. 25)  GOTO  700 
DO  10  1 = 1,11,1 
DISPLAY  • ' 

DISPLAY  ’ FOR  RUNWAY  USE  CONE.  NUMBER  ',1 
710  ACCEPT  ' HC-  ',IIC(I) 

IF  (IIC(I ) .GT.  4 00)  DISPLAY  'WARNING;  AN  HOURLY  CAPACITY  OF  ’ , HC(I)  , 


UNLIKELY.  PLEASE  REENTER. ' 

191.1  IF  (HC (I) .GT. 400 ) GOTO  710 

00192  IF (HC ( I) . LT. 0 ) DISPLAY ' RUN  ABORTED' 

192.1  IF  (IIC ( I)  . LT.  0 ) GOTO  610 

00200  720  ACCEPT  ' 5=  ',P(I) 

00201  IF (P  (I) .GT. 100) DISPLAY ' WARNING ; UTILISATION  PHPCEN"1  MUST  I’ 


00.  PLEA.SE  REENTER.' 

201.1  IF  (P  (I) .CT.100)  GOTO  720 
00202  IF (P (I ) . LT . 1 ) DISPLAY'  WARNING: 


IN  PERCENT  (EX  40  ) 


L (EX  .40).  PLEASE  REENTER' 

202.1  IF (P (I) .LT. 1 ) GOTO  720 

00203  IF (T (I) .LT. 0)  DISPLAY'  RUN  ADC 

203.1  IF (P (I ) . LT. 0)  GOTO  610 

00210  730  ACCEPT  ' W-  ',WE(I) 

0021  1 IF  (WE  ( I ) .GT .3)  DISPLAY  ' NEAT!! 
**R  PVC.  PLEASE  REENTER.  ' 

211.1  IF  (WE(I).GT.3)  GOTO  730 

00220  740  ACCEPT  ' MI-  ’,MI(I) 

00230  10  CONTINUE 


DISPLAY'  RUN  ABORTED' 

GOTO  610 

w—  ',wn(i) 

) DISPLAY  ' WEATHER  INPUT  IS  1 FOR  VEE, 
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230.1 

DISPLAY  ' ' 

230.0 

750  T=0 

1 

00231 

DO  1 1 1=1 ,N, 1 

1 

00232 

T=P  (I)  +T 

00233 

1 1 CONTINUE 

00230 

IP  (T.1IE . 1 00)  DISPLAY  ' SUMMATION  OF  UTILISATION  PERCENT  DOFS 

VP™  RQTIAI,  1 °o. 

PLEASE  REENTER' , 

- ' UTILISATION 

PERCENT  FOR  EACH  RUNWAY  USE  CONFIGURATION. ' 

1 

230.1 

IF  (T.EQ. 100)  GOTO  760 

0023  5 

DO  12  1=1, N,1 

235.1 

DISPLAY'  ' 

00236 

DISPLAY  'FOR  RUNWAY  USE  CONF.  NUN PEP  ',1 

236.1 

ACCEPT  '5=  ’,P(I) 

236.2 

DISPLAY ' ' 

00237 

12  CONTINUE 

0 0 2 3 3 

GOTO  750 

00270 

760  2=0 

00271 

DISPLAY'  ’ 

| 

OQ^OO 

DO  200  1=1 ,N, 1 

i 

00200 

IP  (1IC  (I)  .GT.2)  ?=!!C  (I) 

I 

003  00 

200  CONTINUE 

00310 

NAXI!C(I)  = Z 

00320 

DO  210  1=1,11,1 

' 1 

0 0 3 3 0 

PI  1C  ( I ) = (lie (I) /z)  *100 

00340 

210  CONTINUE 

00350 

DO  500  1=1 , N, 1 

00360 

ir (WE (I) .EC). 1 ) GOTO  300 

360.  1 

IP (WE (I) .NE. 1 ) GOTO  400 

00370 

300  IP  (P'lC  (I)  . GE . 00)  VJ  ( I)  =1  ; 

> 

0 03  SO 

IP (PMC (I)  .GE.ni ) 'I  (I)  =5 

00300 

IF (PNC  (I)  .GE .66) W (I) =1 5 ; 

00400 

IF (PNC ( I ) .GE . 51 ) W ( I ) =2  0 

4 0 0.1 

IF  (PNC (I ) . LT. 5 1 ) V (I) =25 

0 0 /».  0 1 

GOTO  500 

n o /r|  o 

400  IF  (MI (I) .GT. 50) GOTO  610 

0 0 420 

IF  (MI (I) .GT. 20)  GCTO420 

00430 

410  IF  (PMC (I) . GE . 9 0 ) W ( I ) = 1 

00440 

IP  (PNC  (I)  .GE.S1)r(P)=5, 

00430 

IP  (PMC (I) .GF. 66) W (I ) =1 5 

00460 

IP(PNC(I)  . GE .51 ) "(1)= 

4 60.1 

IF ( P 1C ( I ) . LT .51)  ' T (I ) =2  5 

00470 

GOTO  500 

f 

f)  f)  H ry  o 

620IF (PMC (I) . GE.00)W(I)=1 

n o /{ o o 

IP (PMC (I) . GE .31 )W(I)=3 

005^0 

IF (PNC (I) . GE . 6 6 ) W ( I ) = 0 

0051  0 

IF  (r.NC  (I)  .GE.51 ) W (I ) = 1 2 

51  n.  1 

IF (PNC (I) .LT. 51)  W ( X ) — 1 C 

i' 

00520 

GOTO  500 

00530 

430IP (PMC (I) . GE . 90 )N ( I ) =1 

• 

0 0540 

IF  (PNC  (I)  . GE . 0 1 )W(I)=1 

30550 

IF (PMC (I) .GE.66) W (I) =2 

00560 

I1’(PNC(I)  .GE.51)  W ( I ) = 3 

360.1 

IF (PNC (I) . LT. 51 ) W ( I ) = 4 

0 0570 

GOTO  500 

00536 

500  CONTINUE 

I 
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00500  X=0 

500.1  Y=0 

00600  do  mo  1=1 , i 

00610  x=(iic(i)  *W(D  *p  (i ))+>: 

00620  Y= (U(I)*r (I)  )+Y 

00630  1 00  CONTINUE 

006,!  0 CW=X/Y 

00650  600  CONTINUE 

00660  620  ACCEPT'  ENTER  THE  PERCENT  OF  THE  DAILY  DEMAND  THAT  OCCURS 

in  *n?r  pe/ 

K HOUR.  ' ,H 

0J6C1  IF  (II.  LT.  4) DISPLAY 'WARNING : THE  PERCENT  OF  DAILY  DEMAND  TILV  OCCURS 

J*T 

HE  PEAK  HOUR  CAN  MOT', 

' HE  LESS  THAN  4f.  PLEASE  P.Ej:NmEr.  ' 

661.1  IF  (II . LT.  4 ) SOTO  620 

00662  IF  (II. GT.  20  ) DISPLAY  'WARNING : TIT  PERCENT  OF  TEE  DAILY  DE'V’D  "HA"’  O^C,-nF 

**  IN  TIIE  PEAK  HOURS'  , 'WOULD  NOT  LIKELY  EXCEED  20 ST  NDEP  NOrMAT  CO"r  Tr'TC"'F . PIT/  Sr 

**  riupjtur. 1 

ce::.i  ir(u.GT.ro)  goto  02 ^ 

00670  630  ACCEPT'  ENTER  THE  ANNUAL  TRAFFIC  PIE’AND.  ' , ATT 

00671  IF  ( ATD .LT.1  V>9)  DISPLAY ' WARMING:  AN  ANNUAL  TRAFFIC  -r‘V"n  Cr 

1 OP 

L’RATIO.iS  P UR  YEAR  IS  YURY  IP  I LIKELY.  PLEASE  RE  FITTER.  I TOTE: 

T ’vnnj’r  £ I I mirpnri  TtTtMr> 

RED  THOUSAND  AS  I^OOOO  MOT  3^0. 1 
C71.1  IF  (AiTD. LT.  1000) GOTO  630 

0OC72  II  (ATD.C,T.1000O00)DISPLAY'  WARNING:  AN  ANNUAL  TVJTir  DEM7"D 

O’-'  * , Afr'n  ' 

IS  VERY  UNLIKELY.  PLEASE  REENTER.' 

672.1  IF (ATD.GT. 1000000)  GOTO  630 

00630  640  ACCEPT  ' ENTER  THE  DAILY  TRAFFIC  DEMAND  FOR  THE  AVERAGE  DAY  or  TR 

**PEAK  MONTH. 

' , DTD 

0° 63  1 IF  (DTD.  GT.  4000)  DISPLAY ' WARNING : A DAILY  DEMAND  Or  ' ' 1°  VrP.Y 

TTRLIF 

ELY.  PLEASE  REENTER.' 

631.1  IF (DTD. GT. 4000)  GOTO  640 

00690  ASV=CW*  (ATD/DTD)  *(100 /u) 

00700  DISPLAY  ' ' 

C 0 7 2 0 DISPLAY*  ANNUAL  SERVICE  VOI,TIME=  ' /AS,T,  'OPERATIONS  PER  YEAR' 

3073C  ACCEPT' DO  YOU  WANT  TO  ?1AKF  7JTOTH1T.  CALCULATION  WITH  TIT  SAME  RUNWAY'  , ' 

* *USE  CAPACITIES  AS  BEFORE?  ',01 

00740  IF  (0 1 .EQ . ' YES ' . OR.  >1  . E<) . ' Y ' ) GOTO  60  0 

00750  610  ACCEPT ' DO  YOU  WANT  TO  COMPUTE  ADDITIONAL  ASV?  ' ,0^ 

00760  IF (Q2.EQ. 'YES ' .OR.Q2.EQ. 'Y')  GOTO  700 
00770  END 


COMPUTER  DIALOGUE  FOR  EXAMPLE  1 
FIGURE  7-1 

execute  asv.rdl 
LOADING 
EXECUTION 

ANNUAL  SERVICE  VOLUME 
COMPUTATION  PROGRAM 
ASV  VERSION  1 


DE FI HAT I ON  OF  INPUT  TERMS  USED  IN  THIS  PROGRAM: 

IIC=HOURLY  RUNWAY  CAPACITY  OF  A SPECIFIED  RUNWAY  USE  CONF. 
%=  UTILIZATION  PERCENT  OF  A SPECIFIED  RUNWAY  USE  CONF. 

W—  WEATHER  CODE;  VFR=1 , IFR=2,  PVC=3 
MI=MIX  INDEX=  %C+%3D 


ENTER  THE  NUMBER  OF  RUNWAY  USE  CONFIGURATIONS  TO  BE  CONSIDERED.  7 

FOR  RUNWAY  USE  CONF.  NUMBER  1 

HC=  54 
%=  3 
W=  1 
MI=  120 

FOR  RUNWAY  USE  CONF.  NUMBER  2 

HC=  77 
45 

W=  1 
MI=  120 

FOR  RUNWAY  USE  CONF.  NUMBER  3 

HC=  75 
%=  30 
W=  1 
MI=  120 

FOR  RUNWAY  USE  CONF.  NUMBER  4 

HC=  50 
%=  1 
W=  2 
MI=  150 

FOR  RUNWAY  USE  CONF.  NUMBER  5 

HC=  6 0 
%=  5 
W=  2 
/II  = 150 

FOR  RUNWAY  USE  CONF.  NUMBER  6 

HC=  60 
S-  5 
W=  2 
MI=  150 
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FOR  RUNWAY  USE  CONF. 
I1C=  4 4 
!t=  3 
W=  3 
MI=  130 


ENTER  THE  PERCENT  OF  THE  DAILY  DEMAND  THAT  OCCURS 

IN  THE  PEAK  HOUR.  10 
ENTER  THE  ANNUAL  TRAFFIC  DEMAND . 115200 

ENTER  THE  DAILY  TRAFFIC  DEMAND  FOR  THE  AVERAGE  DAY  OF  THE  PEAK  MONTH. 

627 

***************************************************** 

ANNUAL  SERVICE  VOLUME=  129475  OPERATIONS  PER  YEAR 

DO  YOU  WANT  TO  MAKE  ANOTHER  CALCULATION  WITH  THE  SAME  RUNWAY  USE  CAPACITIES 
BEFORE?  y 

ENTER  THE  PERCENT  OF  THE  DAILY  DEMAND  THAT  OCCURS 

IN  THE  PEAK  HOUR.  10 
ENTER  TilE  ANNUAL  TRAFFIC  DEMAND.  1 37400 

ENTER  THE  DAILY  TRAFFIC  DEMAND  FOR  THE  AVERAGE  DAY  OF  THE  PEAK  MONTH. 

627 

***************************************************** 

ANNUAL  SERVICE  VOLUME=  154427  OPERATIONS  PER  YEAR 

DO  YOU  WANT  TO  MAKE  ANOTHER  CALCULATION  WITH  THE  SAME  RUNWAY  USE  CAPACITIES 
BEFORE?  no 

DO  YOU  WANT  TO  COMPUTE  ADDITIONAL  ASV?  n 


FIGURE  7-1  (Cont.) 
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CHAPTER  8 


f 


- BATCH  CAPACITY  NOD  EL  VERSION  5 - 
TAXIWAY  CAPACITY 


8. t Introduction 

An  analytic  model  Has  been  developed  for  computing  the  capacity 
of  a taxiway  crossing  an  active  runway.  This  model  will 
compute  the  capacity  of  a taxiway  crossing: 

a)  an  arrival  only  runway, 

t)  a departure  only  runway,  and 

c)  a runway  used  by  arrivals  and  departures. 

A graphical  procedure  for  computing  the  capacity  of  a taxiway 
crossing  a runway  is  contained  in  reference  b.  The  procedure 
was  developed  using  the  model  described  below  and  input  data 
that  reflects  typical  operating  conditions. 


8.2  T a xi wa  y Model  Logic 

The  Taxiway  Model  computes  capacity  based  on  the  ability  of  a 
platoon  of  N aircraft  to  cross  an  active  runway  between  a pair 
of  operations  on  the  runway.  The  model  will  permit  a taxiing 
aircraft  to  cross  a runway  if: 

a)  an  airborne  arrival  is  more  than  a specified 

time  from  the  intersection,  and 

b)  no  aircraft  (arrival  or  departure)  is  between 

the  threshold  and  intersection. 

The  model  will  permit  a taxiing  aircraft  to  cross  an  active 
runway  after  an  arrival  clears  the  intersection  if  the  crossing 
operation  can  occur  before  the  arrival  exits.  The  model  will 
permit  a taxiing  aircraft  to  cross  an  active  runway  after  a 
departure  clears  the  intersection  if  the  taxiing  aircraft  can 
clear  the  runway  before  the  departure  clears  the  runway. 

The  taxiway  model  assumes  that  arrival  operations  are  evenly 
distributed  over  the  hour;  i.e. , the  time  between  arrival 
operations  is  equal  to  3t>00  divided  by  the  arrival  flow  rate. 
The  model  assimes  the  demand  by  taxiing  aircraft  to  cross  the 
active  runway  is  always  large  enough  to  completely  utilize 
every  crossing  opportunity. 


8.  3 Input  Format 

The  following  general  instructions  apply  to  preparing  inputs  to 
the  Taxiway  Capacity  Model: 
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a.  Data  entry  requires  two  card  types;  i.e.. 

Header  Card;  e.g.,  TAXI  16 
Data  Card{s);  e.g.,  30  200  300  450 

b.  There  is  no  fixed  sequence  for  groups  of  header/data 

cards. 

c.  Unless  otherwise  noted  on  the  form  by  decimal  points, 
right  justify  numbers. 

d.  To  execute  a run,  place  a 1 in  card  column  12  of  the 
header  card  for  the  last  data  group. 

e.  Multiple  runs  can  be  made  with  one  stack  of  cards. 
Place  replacement  header/data  cards  after  the  execute 

card  for  the  first  complete  run. 

f.  The  space  between  card  columns  13  and  80  on  all 
header  cards  can  be  used  to  print  explanatory  text  (e.g., 
TAXIWAY  ERAVO  CAPACITY)  . 

g-  Any  six  letter  title  can  be  used  in  card  columns  1-6 
of  the  header  card. 

h.  On  the  header  card: 


cc 

1-6 

Title 

cc 

9-10 

Data  type  number 

cc 

12 

Execute  command  (i.e 

cc 

13-80 

Text 

A sample  coding  form  with  header  labels  and  decimal  points  is 
shown  in  Figure  8-1.  It  is  recommended  that  a similar  form  be 
used  to  prepare  card  inputs.  The  definition  of  terms  used  in 
the  coding  form  are  given  below: 


TERM 

NEWRUN 

MODEL 

STRATEGY 

RUNWAY 


DEFINITION 

A header  label  used  with  model/strategy  data. 

The  model  number  for  taxiway  capacity  is  8. 

The  strategy  number  for  taxiway  capacity  is  1. 

A header  label  used  with  the  mix  of  aircraft  on  the 
runway. 

Class  A aircraft 
Class  B aircraft 
Class  C aircraft 
Class  D aircraft 


ATCBR 


DTCBR 


TAXI 

TAXI  VE L 
AC  SIZE 
RW  CLR 


HEADWAY 

FRATE 

T1 

T2 

T3 

T4 

%ARR 
BUFF  A 


A header  label  used  with  the  time  (in  seconds) 
required  for  an  arrival  to  go  from  over  threshold 
to  clear  of  the  taxiway/runway  intersection  being 
analyzed. 

A header  label  used  with  the  time  (in  seconds) 
required  for  a departure  to  go  from  over  threshold 
to  clear  of  the  taxiway/runway  intersection  being 
analyzed. 

A header  label. 

Average  aircraft  taxiing  velocity  in  miles  per  hour. 
Aircraft  size  in  feet. 

Runway  crossing  length  (sometimes  referred  to 
as  runway  clearance  distance)  in  feet. 

Runway  crossinq  length  could  be  interpreted  to  be: 

1.  The  distance  from  the  taxiway  hold  line  to 
the  location  where  the  aircraft  is 
considered  clear  of  the  runway. 

2.  The  runway  width  ♦ distance  from  taxiway 
hold  line  to  runway  edge  ♦ length  of 
aircraft. 

Headway  distance  between  taxiing  aircraft  in  feet. 

A header  label  used  with  flow  rate  (i.e.,  operations 
per  hour)  of  arrivals  and  departures  on  runway. 

Required  time  separation  between  an  inbound  arrival 
and  a taxiing  A class  aircraft  at  the  completion 
of  the  crossing  in  seconds. 

Required  time  separation  between  an  inbound  arrival 
and  a taxiing  B class  aircraft  at  the  completion 
of  the  crossinq  in  seconds. 

Required  time  separation  between  an  inbound  arrival 
and  a taxiing  C class  aircraft  at  the  completion 
of  the  crossing  in  seconds. 

Required  time  separation  between  an  inbound  arrival 
and  a taxiing  D class  aircraft  at  the  completion 
of  the  crossing  in  seconds. 

Percent  arrival  on  runway. 

Buffer  time  (in  seconds)  for  ATCBR. 


i 
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BUFF  D Buffer  time  (in  seconds)  for  DTCBR. 

PD  Percent  departure  only 

If  percent  arrival  is  greater  than  25,  PD  can  be  0.  1 

J 

The  value  of  PD  is  determined  from  the  runway 
capacity  model.  It  is  the  percent  of  the  time 
that  gaps  must  be  created  in  the  arrival  stream 
of  a single  runway  to  get  off  departures. 

The  headers  APPSPD,  DR BAR,  TD,  ARBAR2,  EXIPT  and  TGRBAR  are  the 
same  as  defined  in  Chapter  2. 


8. 4 Input  Considerations 

Storage.  The  taxiway  capacity  model  assumes  that  adequate 
storage  exists  to  allow  every  gat  to  be  fully  utilized.  For 
parallel  runways  with  arrivals  on  the  outboard  runway,  the 
following  oases  should  be  considered: 

a.  If  no  aircraft  can  be  stored  between  the  runways  or 
crossing  operations  are  given  priority  over  departure 
operations,  the  Taxiway  Capacity  Model  should  not  be  used. 
Instead,  the  parallel  runways  should  be  analyzed  as  a single 
runway  with  the  arrival  runway  occupancy  time  increased  to 
account  for  taxi  time  between  the  runways. 

b.  If  only  one  aircraft  can  be  held  between  the  runways, 
the  taxiway  capacity  can  be  determined  by  entering  a headway 
distance  of  2600  feet.  This  will  insure  a headway  separation 
of  at  least  2 minutes  between  cross  ng  operations. 

If  storaqe  capabilities  exists  for  two  or  more  aircraft,  the 
impact  of  storage  can  be  considered  to  be  slight.  Detail 
analysis  of  a finite  storage  capability  can  be  analyzed  by  the 
Delay  Simulation  Model  described  in  Chapter  4. 

Taxiway  Mix.  The  model  does  not  specifically  consider  the  mix 
of  aircraft  on  the  taxiway  crossing  the  runway.  The  input 
values  for  taxi  velocity,  aircraft  size,  runway  clearance  and 
headway  should  be  the  weighted  average  for  the  aircraft  mix  on 
the  taxiway.  An  on-line  program  to  calculate  these  inputs  is 
given  in  Appendix  C. 


8. 5 Output 

The  output  of  the  Taxiway  Capacity  Model  is  the  total  number  of 
taxiing  operations  that  can  cross  an  active  runway  at  one  point 
under  the  specified  conditions.  The  output  is  for  one  taxiway 
crossing  one  runway.  The  capacity  of  each  crossing  taxi  way 
must  be  calculated  separately. 
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The  capacity  for  a system  of  taxiways  crossing  an  active  runway 
is  not  necessarily  equal  to  the  summation  of  the  taxiway 
capacity  for  each  taxi way.  To  compute  the  capacity  of  a system 
of  taxiways  crossing  an  active  runway,  the  following  factors 
must  be  considered: 

a.  Capacity  of  the  runway  feeding  the  exit  taxiway  system 
t.  Aircraft  mix  on  the  runway  feeding  the  exit  taxiway 
system 

c.  Percent  arrival  on  the  runway  feeding  the  exit  taxiway 

system 

d.  Exit  utilization  percentages  from  the  runway 

feeding  the  exit  taxiway  system 

e.  Departure  demand  on  each  taxiway  crossing  an 

active  runway 

f.  Crossing  capacity  of  each  taxiway 

On-line  programs  to  calculate  the  capacity  of  a system  of 
taxiways  crossing  an  active  runway  and  the  combined  capacity  of 
a feeder  runway  and  exit  taxiway  system  are  given  in  Appendix 

C. 


8.6  Data  1 nput  Modes 

It  is  possible  to  use  the  Taxiway  Capacity  Model  in  two  input 
modes;  i.e. , 

o Remote  Job  Fntry  (RJE)  via  cards 

o From  a teletype  terminal  using  stored  files 

The  remote  job  entry  requires  that  all  data  be  punched  on  IBM 
cards  and  be  processed  by  a card  reader  (e.g.,  DATA  100).  Job 
cards  are  required  to  load  the  capacity  model  and  to  identify 
the  user  for  billing  purposes.  Model  output  is  printed  on  a 
remote  printer. 

In  the  teletype  terminal  mode  the  user  can  construct  input 
files  and  call  for  model  executions  directly  from  his  work 
area.  The  input  format  is  exactly  the  same  as  with  cards.  To 
call  for  an  execution  a series  of  computer  instructions  are 
entered  at  the  teletype  terminal.  These  instructions  can 
themselves  he  stored  in  the  computer  and  called  for  by  a 
Command  File  or  CLIST. 

The  FAA  has  established  Command  Files  on  TYMSHARE  and  McAuto 
for  operation  of  the  Taxiway  Capacity  Model  from  a teletype 
terminal.  To  use  this  method  the  input  data  must  be  placed  in 
a temporary  file  named  BATCH. SUB  and  the  command  EX  TER  be 
entered.  This  will  result  in  a complete  execution  of  the 
Taxi way  Capacity  Model.  After  execution,  the  input  file 
BATCH. SUB  can  be  renamed  and  permanently  stored,  or  edited  and 
reexecuted. 
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8.7  Examples 


The  following  example  illustrates  the  use  of  the  Taxiway 
Capacity  Model: 

Example  _! 

Compute  the  capacity  of  a taxiway  crossing  a runway  4000  feet 
from  the  runway  threshold.  The  runway  has  a demand  of  20 
arrivals  and  20  departures.  The  aircraft  mix  on  the  runway  is: 
20% A,  30%B,  40  AC  and  10 AD.  Assume  typical  values  for  all  other 
input  parameters;  i.e.  , values  used  to  generate  Figure  2-66  in 
reference  b. 

Figure  8-2  shows  the  coding  form  for  the  Taxiway  Capacity  Model 
with  input  data  tilled  in.  From  the  computer  output  shown  in 
Figure  8-3,  the  crossing  capacity  is  47. 1 'TTpe’nrtse^on s/hour. 
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CODING  FORM  FOR  BATCH  CAPACITY  MODEL  VERSION  5 FIGURE  8-1 


mii  rrm 


oonnoc 


NEWRUN  000 
3 1 0 

TW  1 1 0 

0.200.300.400.10 
ATC15R  014  0 

32.040.038.035.0 
DTC3R  015  0 

29.032.030.030.0 
TAXI  01 G 0 

15  150  450  000  0.0-  0.0 
APPSPD  050 
95  120  130  140 

DEBAR  0 G 0 
20  34  39  39 

TD  0 7 0 

50  50  GO  GO  55  55  GO  GO  GO  GO  GO  GO  120  120  120  00 

ARDAR2  1 2 0 

32.0  .0.0  0.0  0.0  0.0  0.0  0.0  0.0  0."  0.0  0.0 

40.0  0.0  o.o  0.0  O.o  0.0  0.0  0.0  0.0  0.0  0.0 

51.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

53.0  0.0  O.o  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

EX I PT  1 3 0 

1.000.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

1.000.0  o.o  0.0  0.0  0.0  o.o  0.0  0.0  0.0  O.o 

1.000. 0  0.0  O.o  0.0  O.o  o.o  0.0  0.0  0.0  O.o 

1.000.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

TO REAR  090 

23. 022. 027.027.0 
FRATE  021  1 

30.030.030.030.040.050.010.010.00. 0 


ooooor 


onooor 


ooooor 


oooonr 


oooooi 


oooooi 

oooooi 

oooooi 


oopoo; 


ooooor 

ooooo- 


TAXIWAY  CROSSING  CAPACITY  IS  47.7  OPERATIONS  PER  HOUR 

WHEN  RUNN7Y  FLOW  RATE  IS  40.0  OPERATIONS  PER  HOUR  WITH 


COMPUTER  OUTPUT  FOR  EXAMPLE  1 
FIGURE  8-3 


CHAPTER  9 - BATCH  CAPPCTIY  M O L F I.  VPRfl  - S - 
GATL  CAPACITY 


9.  1 Int  roduct  ion 

The  Gate  Capcit.y  Model  computes  the  maxi  mu  in  number  of  aircraf^ 
that  could  he  expected  to  operate  on  a set  ot  nates  in  1 hour 
under  specified  conditions.  (ia*-u  capacity,  lix^  runway 
capacity,  is  calculated  as  the  inverse  of  a weighted  iverage 
service  time  for  all  aircraft  beinq  starved. 

A qraphical  procedure  for  computing  the  capacity  of  a se«-  ot 
gates  is  contained  in  reference  1.  Th°  procedure  was  developed 
using  the  model  described  below. 


9.2  Model  Logic 

To  compute  gate  capacity,  the  model  will  consider  two  different 
conditions: 

a)  All  gates  can  accommodate  all  aircraft  classes. 

b)  Some  gates  cannot  accommodate  all  aircraft  classes. 

The  capacity  of  condition  a)  is  the  quotient  of  the  number  of 
gates  and  the  weighted  average  gate'  occupancy  *-ime.  tip 
capacity  ot  condition  b)  is  the  product  of  the  capacity  of 
condition  a)  and  a restriction  factor  which  represents  thrt  loss 
of  capacity  due  to  the  nenavai labil ity  of  qutos  of  an 
appropriate  size. 

To  determine  the  restriction  factor  on  gate  avai labi lity,  the 
Gate  Capacity  Model  considers  two  classes  ot  aircraft; 

a)  Standard  - aircraft  which  could  use  all  gates 

b)  Large  - aircraft  which  are  restricted  from  using 

some  gates  because  ot  the  physical  dimensions 
ot  the  gate 


If  fhc  propor t ion  of  the  total  t lire  required  *-o  service  large 
aircraft  is  less' than  or  equal  to  the  proportion  of  gates  for 
large  aircraft,  to  total  gates,  no  restriction  to  the  t low  of 
large  jets  exists;  i.e. , the  restriction  factor  equals  one. 
However,  it  it  is  greater,  there  is  a restriction  on  the 
maximum,  flow  potential.  In  this  case,  the  restriction  is  the 
quotient  of  the  proportion  of  gates  tor  large  aircraft  and  the 
proportion  of  the  total  gate  time  required  ly  large  aircraft. 
To  illustrate  Hie  gat<->  restriction  factor  consider; 


«.  PRECf  IJIfG  rA£K  BLANK- NOT  FILMED 


Number 

Gate 

of 

Occupancy 

Gates 

Mix 

Time 

Large  Aircraft 

10 

40* 

60  minutes 

Standard  Aircraft 

20 

6 0S 

4 5 minutes 

The  proportion  of  gates  for  large  aircraft  = g(1)  = 10/30  = .33 

The  proportion  of  the  total  gate  time  for  larqe  aircraft  = 

t(1)  = .40  x 6 0 = .47 

(.40  x 60)  ♦ (.60  x 45) 

Since  t(1)  is  greater  than  g(1),  the  restriction  factor  on  the 
maximum  flow  potential  X is: 

X = .33/. 47  = 0.7 


9.3  Input  Format 

The  following  general  instructions  apply  to  preparing  inputs  to 
the  Gate  Capacity  Model: 

a.  Data  entry  requires  two  cards;  i.c.. 

Header  Card;  e.g. , GOT  17 

Data  Card;  e.g.,  55  65 

b.  There  is  rio  fixed  sequence  for  groups  of  header/data 

cards. 

c.  Unless  otherwise  noted  on  the  form  by  decimal  points, 
right  justify  numbers. 

d.  To  execute  a run,  place  a 1 in  card  column  12  of  the 
header  card  for  the  last  data  group. 

e.  Multiple  runs  can  be  made  with  one  stack  of  cards. 
Place  replacement  header/data  cards  after  the  execute  card 
for  the  first  complete  run. 

f.  The  snace  between  card  columns  13  an i HO  on  all 
header  cards  can  be  used  to  print  explanatory  text  (e.a.,  NORTH 
GATE  COMPLEX) . 

g.  Any  six  letter  title  can  be  used  in  card  columns  1-6 
of  the  header  card. 

h.  On  the  header  card; 


cc 

1-6 

Title 

cc 

9-10 

Data  type  number 

cc 

12 

Execute  command  (i 

cc 

1 3-H0 

Text 
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A sample  coding  form  with  header  labels  and  decimal  points  is 
shown  in  Figure  9-1.  It  is  recommended  that  a similar  form  be 
used  in  preparing  card  inputs.  The  definitions  of  terms  used 
in  the  coding  form  are  given  below: 


TERM 

NEWRUN 

GOT 


SGOT 

LOOT 


GATES 


LG 


SG 


MIX 


SM 
L :A 


DEFINITION 

- A header  label  useu  with  model/strateqy  data. 

- The  header  label  used  with  gate  occupancy  time  in 

seconds. 

- Gate  occupancy  time  for  standard  aircraft. 

- Gate  occupancy  time  for  large  aircraft. 

~ The  header  label  used  with  the  number  of  gates  per 
aircraft  class. 

- Number  of  gates  that  can  be  used  by  large  aircraft. 

- (Total  number  of  gates)  - (Number  of  gates  that  can 

be  used  by  large  aircraft.) 

- The  header  label  used  with  the  mix  of  aircraft  on 

the  gates. 

- Percent  of  standard  aircraft. 

- Percent  of  large  aircraft. 


I nput  Con  si '10  rations 

The  following  factors  should  be  considered  in  orepiarinq  inputs 
for  the  Gate  Capacity  Model: 

j.  Airline  Gates  versus  Common  Use  Gates.  In  qeneral, 
airlines  do  not  share  gates  assigned  to  them  with  other 
airlines.  This  can  be  considered  in  a gate  capacity  analysis 
by  determining  which  gates  are  assigned  to  each  airline  and 
making  a capacity  run  for  each  set  of  exclusive  use  airline 
gaef»s.  Input  data  (i.e.,  aircraft  mix,  gate  occupancy  time, 
number  ot  large  and  standard  qates)  must  be  developed  to 
reflect  conditions  appropriate  to  each  set  of  }a*-es.  The  case 
wh«re  all  gates  can  be  used  by  all  airlines  can  be  analyzed  by 
determining  inputs  appropriate  tor  the  total  qat-e  complex.  Tt 
shoull  be  noted  that  the  total  cate  capacity  as  determined  by 
sunming  the  gate  capacities  tor  each  airline  will,  in  qeneral, 
be  less  than  the  gate  capacity  assuming  all  airlines  can  use 
all  gates. 

b.  Gener al  flvratiot,  Basing  Area . The  Gate  Capacity 
Model  should  not.  lie  used  to  compute  the  capacity  of  a qeneral 
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aviation  basing  area  because  general  aviation  ooera*-ions  do  no» 
tend  to  be  turnaraound  operations. 


c.  gate  Mix  Versus  Runway  Mix.  The  aircraft  mix  use!  in 
the  Gate  Canacity  Model  will  generally  not  be  identical  to  the 
aircraft  mix  used  in  the  Runway  Capacity  Model  because  genersl 
aviation  aircraft  do  not  usually  use  the  gates  and  the  fleet  ot 
aircratt  for  each  airline  is  different. 

d.  Gate  Shar ini  Within  an  Airl ine.  The  Gate  Capacity 
Model  assumes  that  gates  servina  large  aircraft  can  also  he 
used  by  standard  aircraft.  If  all  or  part  of  t[,a  gates  servina 
large  aircraft  are  not  used  by  stanuard  aircratt,  divide  the 
gates  of  the  airline  into: 

1)  Those  used  only  by  large  aircraft. 

2)  Those  used  by  standard  aircraft,  and 
those  shared  by  large  and  s^aniar  i 
aircraf t. 

Make  separate  runs  for  each  case.  The  gate  capacity  for  th° 
airline  would  be  the  sum  of  these  conditions. 

e.  Ident.if  iable  Gate . It  is  often  iitticult  to  Jeter- 
mine  the  exact  number  ot  gates  because: 

1)  Some  aircraft  (e.g.,  H^avy  Jets)  may  oncroich  on 

the  area  of  one  or  more  adjacent  gates  rendering  them  unuseabls 
by  other  aircraft.  This  condition  is  known  as  blocking. 

2)  Some  gate  positions  in  the  terminal  building  u3 
served  by  two  or  more  remote  parking  positions. 

The  Gate  Capacity  Model  does  not  explicitly  consider  the  effect 
on  capacity  of  gate  blocking.  This  factor  can  be  considered  tv 
separately  determining  hcv  often  and  to  what  extent  tnis 
phenomonen  occurs.  It  in  reoemm ended  that  remote  narking 
positions  be  analyzed  as  a separaVQ  subset  of  th°  ♦•oal  number 
of  gates. 

f.  Air era  ft  Mix.  It  is  sometimes  necessary  to  consider 
more  than  two  aircraft  classes  ii  analyzing  the  capacity  of  a 
particular  set  of  airline  gates.  This  can  be  acconpl ishea  hv 
subdividing  the  airline  gates  according  to  the  sire  of  aircraft 
that  can  use  them.  For  example,  it  gate  numbers: 

1,  2,  3 and  7 are  to  be  used  only  by  A k B aircraf4-; 

4,  5 and  4 are  to  be  used  only  by  c aircratt;  and 

(t,  b an  1 10  are  to  be  used  only  by  C f.  D aircraft; 

divide  the  gate  capacity  for  this  airline  into  an  analysis  of 
gates  1,  2,  3 and  7 and  a separate  analysis  of  gates  4,  5,  f>, 

8,  9 and  10. 
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g.  Capacity  Ana  1 ysi s Versus  Schedu 1 inq  Ana  lysis.  The 
purpose  for  which  i-he  qate  ca pac it y is  calculates  can  influence 
the  input  for  qdt°  occupancy  time  by  aircraft  class.  If  gate 
capacity  is  used  with  the  cal  ay  curve  qiven  in  releronce  b, 
qate  occupancy  times  should  be  consistent  with  observed  qate 
occupancy  times.  If,  however,  the  gate  capacity  is  used  to 
determine  how  many  aircraft  an  airline  could  schedule  to  use  a 
particular  number  of  gates,  the  gate  occupancy  ‘■imo  would  most 
likely  be  increased  to  allow  for  a buffer  between  *-he  departing 
and  arriving  aircraft. 

h.  Through  Versus  Turn  a round  Versus  Connect  inq  Tfersus 
Parked  Ai  rc ra ft.  Through  aircraft  are  those:  which  unload  and 
load  passengers  with  a rrii  imum  amount  of  time  being  alloted  for 
aircraft  servicing.  Turnaround  aircraft  are  those  with  a 
significant  amount  of  time  built  into  their  scheduled  departure 
time  to  account  tor  aircraft  servicina.  Connecting  aircraft, 
are  those  which  coordinate  their  departure  time  with  the 
arrival  time  of  other  aircraft.  This  may  result  in  long  gate 
occupancies.  Parked  aircraft  are  those  which  occupy  a qate  for 
several  hours  before  being  scheduled  to  depart. 

In  general,  the  gate  occupancy  time  for  throuqh,  turnaround  and 
connecting  aircraft  are  quite  different.  Tr;  determining  thrt 
average  gate  occupancy  tine  the  occurar-.ce  of  throuqh, 
turnaround  and  connecting  operations  should  be  considered. 
Parked  aircraft  should  riot,  in  general,  be  considered  in  a gate 
capacity  analysis.  If  parked  aircraft  arQ  considered  in  the 
capacity  analysis,  do  not  include  these  qates  as  part  of  an 
airline  gate  s^t. 

As  illustrated  by  the  above,  a significant  part  of  a gate 
capacity  analysis  is  involved  in  determininn  factors  that  limit 
the  unconstrained  usa  of  gates  and  incorporating  these  detailed 
considerations  into  a series  of  model  runs. 


9.5  Output 

The  date  Capacity  Model  rroviles  three  capacity  measures  f ton 
each  run: 

a.  Tno  capacity  as’suminq  all  gates  can  be  use  1 by  all 
aircraft;.  An  example  of  the  printout  for  this  measure  is: 

SATE  CAPACITY  SIMPLIFIED  MODFL  30  PER  HOUR. 

b.  The  capacity  considering  that  some  gates  canno*  be 
used  by  all  lircraft.  An  example  of  the  printout  for  this 
measure  is: 

OATS  CAPACITY  0FNF1-AL  MODEL  25  PFP  HOUR. 


2 3° 


T* 


c.  The  restriction  factor  on  gate  availability.  An 
example  of  the  nrintout  for  this  measure  is: 

MOST  SEVER F RESTRICTION  TO  MAXIMUM  FLOW  0.70. 


9.6  Pat  a Input  Modes 

It  is  possible  to  use  the  Gate  Capcity  Model  in  two  input 
modes;  i.e. , 

o Remote  dob  Entry  (RJE)  via  cards 

o From  a t-eleype  terminal  using  stored  files 

Remote  job  entry  requires  that  all  data  be  punched  on  IPM  cards 
and  be  processed  by  a card  reader  (e.g. , DATA  100).  Job  cards 
are  required  to  load  the  capacity  model  and  to  identify  the 
user  for  billing  purposes.  Model  output  is  pointed  on  a remote 
printer. 

In  the  teletype  terminal  mode  the  user  can  contruct  input  tiles 
and  call  for  model  executions  directly  from  his  work  area.  The 
inpu*-  format  is  exactly  the  same  as  with  cards.  To  call  for  an 
execution,  a series  of  computer  instructions  are  entered  at  the 
teletype  terminal.  These  instructions  can  be  stored  in  the 
computer  arid  called  tor  by  a Command  File  or  CLIST. 

The  ^AA  has  established  Command  Files  on  TYMSHARF  and  McAuto 
tor  operation  of  the  Gate  Capacity  Model  from  a teletype  termi- 
nal. To  use  this  method,  *he  input  data  must  be  placed  in  a 
temporary  file  named  BATCH. SUB  and  that  the  command  EX  TER  be 
entered.  This  will  result  in  a complete  execution  of  the  Gate 
Capacity  Model  After  execution,  the  input  file  BATCH. SUB  can  be 
renamed  and  permanently  stored,  or  edited  and  reexecuted. 


9.7  Examples 

The  followir.q  example  illustrates  the  use  of  the  Gate  Capacity 
Mode  1 : 

Example  2 

Compute  the  capacity  of  the  following  gate  complex: 

4 gites  that  can  only  be  used  by  C class  aircraft 
6 gates  that  can  be  used  by  C or  D aircraft 
Aircraft-  Mix:  bO%C.  and  40%D 

Gate  Occupancy  Time: 

4b  minutes  tor  C aircraft 
55  minutes  for  D aircraft 
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Figure  9-2  shows  the  coding  form  tor  Hie  cate  Capacity  Model 
with  input  data  filled  in.  From  the  computer  output  shown  in 
Figure  9-3,  the  capacity  of  this  aate  complex  is  12.24  opera- 
tions per  hour. 


NEWRUN  000 
9 1 0 

GOT  017  0 
45  55 

GATES  018  0 
4 6 

MIX  019  1 
0.600.40 

GATE  CAPACITY  SIMPLIFIED  MODEL  12.24 
GATE  CAPACITY  GENERAL  MODEL  12.24 

MOST  SEVERE  RESTRICTION  TO  MAXIMUM  FLOW 
READY 


oonor>n  1 0 
onnoorno 
onnnoosrt 

nnnOOOTri 

PER  HOUR 
PER  HOUR 
1.00 


COMPUTER  OUTPUT  FOR  EXAMPLE  1 
FIGURE  9-3 
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APPENDIX  A 


PERCENT  ARRIVAL  TECHNIQUE  MODEL 


A. 1 Introduction 

This  appendix  presents  a utility  on-line  proqram  for 
computinq  percent  arrival.  This  technique  can  he  used  to: 

a)  Compute  the  capacity  of  a runway  use  configuration 
for  a qiven  percent  arrival. 

b)  Compute  the  capacity  of  some  runway  use  confiqu- 
rations  not  shown  in  Fiqure  2-1. 

c)  Produce  capacity  versus  percent  arrival  sensitivity 
curves  with  only  one  run  of  the  Runway  Capacity  Model. 

Copies  of  this  utility  proqram  are  not  available  for 
distribution.  A listinq  of  the  proqram  is  contained  in 
paraqraph  A. 6.  The  model  is  currently  available  for  use  on 
TYMSHARE. 


A. 2 Model  Logic 

The  percent  arrival  technique  is  based  on  the  capacity  of  a 
basic  runway  use  configuration  and  a revised  runway  use 
configuration.  The  basic  runway  use  configuration  is  defined 
as  the  input  runway  use  configuration  wi*h  preemptive  arrival 
priority.  The  revised  runway  use  conf iqurati on  is  defined  as 
an  operational  subset  of  the  basic  runway  use  configuration 
which  is  used  to  bring  departure  caoacity  up  to  the  desired 
proportion  of  arrival  capacity.  The  revised  runway  use 
configuration  is  determined  by  eliminating  all  stream (s)  that 
could  influence  the  departure  stream (s) . for  examole , if  the 
basic  runway  use  configuration  was  mixed  operations  on  a 
single  runway  (i.e.,  Model  1-3),  the  r<  vised  runway  us° 
configuration  would  be  departures  only  on  a single  runway 
(i.e..  Model  1-2).  Figure  A- 1 contain  a listirg  of  revised 
runway  use  configurations  (in  terms  of  model  nnmt  °rs)  *ha* 
may  be  used  with  basic  runway  use  configurations. 

The  model  loqic  is  as  follows: 

If  PA  = desired  percent  arrivals. 

A 1 = arrival  capacity  of  the  basic  runwav  use  configu- 
ration. 

D 1 = departure  capacity  of  the  basic  runway  use  configu- 
ration. 

A2  = arrival  capacity  of  the  revised  runway  use  configu- 
ration with  all  arrival  str*am(s)  eliminated  which 
could  influence  departure  stream  (s) . 


D2  = departure  capacity  of  revised  runway  use  confiaura- 


tion  with  all  arrival  stream  (s)  eliminated  which 
could  influence  departure  capacity. 

Check  the  inequality 

PA  ^ _AJ (1) 

A 1 ♦D 1 

If  this  inequality  holds,  then 
CAPACITY  = A 1 /PA 

and  the  percent  arrivals  is  PA  as  specified. 

If  inequality  (1)  does  not  hold,  check  the  inequality 

PA  ^ A2 (2) 

A2  ♦ D2 

If  this  inequality  holds,  compute 

n = (A2  » D2)  PA  - A? 

(A  1 - A 2)  ♦ (A2  ♦ D2  -(A1  * D1))  PA 

where  n is  the  proportion  of  time  the  basic  runway  use 
applies  and  1 - p is  the  proportion  of  time  the  revise! 
runway  use  applies. 

Now 


CAPACITY  = (A  1 ♦ Dl)  p ♦ (A2  ♦ D2)  (1  - p) 

and  *-he  percent  arrivals  is  PA  as  specified. 

If  inequality  (2)  does  not  hold,  compute 

CAPACITY  = D2 

1 - PA 

and  percent  arrivals  is  PA  as  soecified. 


Input  Forma* 

The  percent,  arrival  technique  can  be  executed  via  the 
command  F.XFCUTE  PA.SFO.  The  first  question  is: 

ENTER  OFSIRED  % ARRIVALS: 

Any  inreqer  from  0 to  IOC  can  be  input.  The  naxt 
question  is: 

ENTER  ARRIVAL  CAPACITY  OF  BASIC  RUNWAY  USE 
CONFIGURATION: 


This  input  would  come  from  a run  of  the  Runway  Capacity 
Model  for  the  desired  runway  use  conf iquration  and  9999 
entered  for  percent  arrival.  Any  inteqer  from  C to  24C 
can  be  input.  The  next  question  is: 

ENTER  DEPARTURE  CAPACITY  OF  BASIC  RUNWAY  USE 
CONFIGURATION: 


This  input  would  come  from  a run  of  the  Runway 
Model  for  the  desired  runway  use  conf iquration 
entered  for  oercent  arrival.  Any  inteqer  from 
can  be  input. 


Capacity 
and  9999 
0 to  240 


Tf  inequality  (1)  is  true,  no  further  input  questions  will 
be  asked.  Tf  inequality  (1)  is  not  true,  the  next  question 
is: 


ENTER  APPIVAL  CAPACITY  OF  REVISED  RUNWAY  USE 
CONFIGURATION  WITH  ALL  ARRIVAL  STREAMS  ELIMINATED 
THAT  COULD  INFLUENCE  DEPARTURE  STREAMS. 

This  input  would  come  from  a run  of  the  Runway  Capacity 
Model  for  the  revised  runway  use  conf iauration  and  9999 
entered  for  percent  arrival.  Any  inteaer  from  0 to  24C 
car.  be  input.  The  next  question  is: 

ENTER  DEPARTURE  CAPACITY  OF  REVISED  RUNWAY  USE 
CONFIGURATION  WITH  ALL  ARRIVAL  STREAMS  ELIMINATED 
THAT  COULD  INFLUENCE  DEPARTURE  STREAMS. 

This  input  would  come  from  a run  of  the  Runway  Capacity 
Model  for  the  revised  runway  use  conf iquration  and  9999 
entered  for  percent  arrival.  Any  inteqer  from  0 to  24^ 
can  be  entered. 


A.  4 


Output 

The  output  of  the  percent  arrival  technique  is  the  total 
capacity  of  the  runway  use  conf  iquration  for  the  inpu4- 
percent  arrival,  and  capacities.  Followina  the  printing  of 
the  total  capacity,  the  model  can  be  used  to  compute  the 
sensitivity  of  total  capacity  to  variations  of  percent 
arrival : 

DO  YOU  WANT  A SENSITIVITY  ANALYSIS  OF  CAPACITY  TO 
PERCENT  ARRIVAL? 


A Y or  YES  response  will  result  in  total  capacity  beinq 
computed  for  values  of  percent  arrival  ranqinq  from  0 to  109 
in  increments  of  5^.  A N or  No  response  will  result  in  the 
quest  ion : 

DO  YOU  WANT  TO  MAKE  ANOTHER  CALCULATION? 
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The  model  will  then  ask  for  new  values  of  arrival  and 
departure  capacity  for  th°  basic  and  revised  runway  use 
conf igurations.  A N or  NO  response  will  terminate  the 
proqram . 


A.  5 Examples 

The  following  illustrates  the  use  of  the  on-line  program  for 
computing  percent  arrivals. 

Example  _1 

Compute  the  hourly  capacity  for  the  following  conditions: 


PA  = 45* 

A 1 = 35  PI  = 15 

A2  = 0 D2  = 55 

Also,  compute  the  sensitivity  of  hourly  capacity  to  percent 
arrivals.  The  computer  dialogue  tor  this  problem  is  shown  in 
^igure  A-2.  The  capacity  at  45%  arrival  is  51  operations  p^r 
hour.  The  sensitivity  of  capacity  to  percent  arrivals  is: 


Example  2 


If  an  airport  is  composed  of  two  runway  use  conf iqurations 
that  are  independent  from  an  air  traffic  control  standpoint, 
compute  th°  hourly  capacity  at  50%  arrivals  for  the  followina 
conditions: 

Punway  Use  Conf iquration  1 Runway  use  Conf i 7uration  2 

A 1 =35  D 1 = 10  A 1 = 35  D1  = 20 

A2  = 0 D2  = 55  A2  = 0 D2  = 55 

The  combined  arrival  and  departure  capacities  are: 

A 1 = 70  HI  = 30 

A2  = 0 D2  = 1 10 

The  computer  dialogue  for  this  problem  is  shown  in  Fiqurt-  A- 
3.  The  capacity  at  50%  arrival  is  found  to  be  1 c 2 operations 
per  hour. 

NOTF:  If  the  50*  capacity  had  been  calculated  for  each 

runway  use  conr iquration  separately  (computer  run  not  shown), 
the  total  capacity  would  he: 

Runway  Use  Conf iquration  1 = 48 

Runway  Use  Conf iquration  2 = 55 

Total  103 


Tne  difference  in  total  capacity  results  because  comhinina 
the  arrival  and  departure  components  of  capacity  for  both 
runway  use  conf iqurations  allows  Runway  Use  Conf iquration  2 
to  supplement  the  capacity  of  Runway  Use  Con f iquration  1; 
i.e.,  more  aircraft  ar°  allowed  to  use  Runway  Use 
Contiauration  2 than  Runway  Use  Conf iquration  1. 


E y a mp  1 e 
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Compute  the  VFR  hourly  capacity  for  50%  arrival  of  the 
followinq  runway  use  conf iaurat ion: 

Runway  1 
Runway  2 

Th°  operation  is  such  that  only  10  departures  ar“  permitted 
to  use  runway  2 each  hour. 

The  capacity  without  r-*qard  to  percent  arrival  (i.e.,  9999 
input  for  percent  arrival)  for  runway  1 is: 

ARRIVALS  = 35 
DEPARTURES  = J_5 
TOTAL  50 


1 


The  ieparture  only  capacity  of  runway  1 is  60  operations  per 
hour  and  the  departure  only  capacity  of  runway  2 is  60  opera- 
tions per  hour. 

From  this  data  the  model  inputs  arc: 

A1  = 35  HI  = 25  i.  e.  , 15  ♦ 10 

A2  = 0 D2  = 70  i.e.,  60  ♦ 1<1 

The  computer  dialoque  is  shown  in  Fiaure  A-4.  The  hourly 
capacity  is  found  t.o  be  6 1 operations  per  hour. 

NGTr : If  th^  operational  restriction  was  not  Dlaced  on 

runway  2,  the  model  inputs  would  be: 

A1  =15  D 1 = 75  i.e. , 60  ♦ 15 

A2  = 0 D2  = 120 

The  capacity  woull  be  70  operations  per  hour  (calculation  not 
shown)  . 
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A. C Program  Listing 

type  pa.cfo 


0001  3 

PI.’ILNSICN  PA  ( 

20)  , A1  (20)  ,D1  ( 

20) ,A2 (20)  ,D2  (20) 

COO  2 0 

INTEGER  CAP 

00030 

REAL  PA, A1 , D1 , A2  , D2 

00035 

STRING  SI (C) 

00040 

STRING  S2(G) 

00  041 

DISMAY  " 

II 

0004  2 

DISPLAY  " 

II 

00043 

DISPLAY  " 

II 

00044 

DISPLAY  " 

II 

10345 

DISPLAY  " 

II 

00053 

DISPLAY  " 

* * * * * * 

PERCENT  ARRIVALS  TECHNIOUE  ******  " 

00  3 CO 

DISPLAY  " 

FOR  ALL  R/W  CAPACITY  MODELS  " 

0007  0 

DISPLAY  " " 

00020 

DISPLAY  " " 

00  335 

77  DISPLAY  " 

II 

0 0033 

DO  22  1=1, 11, 

1 

oooor 

DISPLAY  " 

II 

1010  0 

3 0 ACCEPT  " 1 

NT HR  DESIRED  ” 

ARRIVALS:  ”,PA(I) 

00110 

II  (PA  (I ) .LT. 

0 .OR.  l’A  (I ) 

.GT.  100)  DISPLAY "WARNING:  r ARRIVALS 

**i  0-1  oo, please  re-enter " 

00112  PA (I) =PA ( I) /1 00 

00120  IF (PA  (I)  . LT.  3 .00.  PA  (I)  .GT.  100)  00  TO  00 

01130  (10  ACCEPT  "ENTER  ARRIVAL  CAPACITY  OF  BASIC  RUNWAY  USE  CONE  IO  T RAMON : 

**  ",A1(I) 

001/(0  IF  (Al(I)  .GT.  200  .OR.  A1  (I)  .LT.  0)  DISPIAVAIl  HOURLY  ARPIVAI.  CAPACITY 

**  OF  " ,A1 ( I)  , "VERY  UNLIKELY  AND  UNUSUAL, PLEASE  CHECK  AGAIN  TO  SEE  IE  "HIS  IS  MV 
* *AT  YOU  REALLY  KANT,  THEN  RE-ENTER" 

001 45  IF (A1 ( I ) ,GT.  240  .OR.  A1 (I)  .LT.  0)  GO  TO  40 

00150  50  ACCEPT  "ENTER  DEPARTURE  CAPACITY  OF  SASIC  RUNWAY  USE  CONFIGURATION : 

**  ” ,ni (i) 

00135  IF (01 (I)  .GT.  240  .OR.  D1(I)  .LT.  0)  DISPLAY  "AN  PCT'PXY  DEPARTURE  CAPAC 

**ITY  OF  " ,D1 ( I ) ,"  IS  VERY  UNLIKELY" 

00170  IF  ( D 1 ( I ) .GT.  240  .OR.  Pi  (I)  .LT.  ")  GO  mO  50 
0027  o DISPLAY  " " 

00200  B=A  1 (I ) / (A1  (I)  +1)1  (I)) 

00235  IE  (PA (I)  .LT.  13 ) GO  TO  00 
00320  CAP=A 1 ( I ) /P A ( I ) 

201.1  A2(I)=0 

201.2  D2 ( I ) = 0 

00202  CO  TO  100 

0r*2‘l3  C.ri  ACCEPT  " EIT.FR  ARRIVAL  CAPACITY  OF  RT VISED  RUNWAY  USE  COWTinPRATIOF 
♦ ‘VICE  ALL  A.RRTVAL  STPEA'.S  El  i:!IE.A"’T’D  ' EAT  CCt'l  D I>TI.TT',Cr  EERAPTITE  STREM'St 
**" ,A2  (I) 

2 ° 2 . 1 DISPLAY  " " 

IF(A2  (I)  .CT.400)  DISMAY’  AN  HOURLY  ARRIVAI.  CAPACITY  OF ’ , A 0 (I)  , ' If  VERY 
**l.  .’LIKELY  , PLEASE  CLUCK  AGAIN’  7N!  RE-ENT! 'H.  ' 

102 35  I1’(A2(I)  .G’’’.  430)  GOTO  00 

O'dl.’C  C _)  ACC!  !,rri  JV!!!.  ’ry.VTP^VlU  CAT  A CITY  OP  TTIT”1  RTP7T7f.Y  VF.”  C(vtrT'^Vr\7vri  ir* 
**J  l. XV!  A Iil<  ARRIVAL  STPJ:/.* IT  ri.rUMATPi')  TI!A7  COTTLD  ITIFLITLCT'  nr.PAPTT’Rr  FmPF AMS: 

+ * " , D 2 ( I ) 

00297  IE  (1)2  (I)  .GT.  400  .OR.  1:2(1)  .I,T.  1)  DISMAY  "AIT  TTOt'RLY  DEPAN'T’Dr  CATAG 
**ITY  or  " ,D2  (1)  IS  VERY  UNLIKELY , PLEASE  CHUCK  AGAIN  »TFEN  RR-niTFR" 

03200  IF  (1)2  (I ) .GT.  (133  .OR.  I 2(1)  .I.T.  1)  GO  TO  C 5 

0 5 ;■ n n (5  C=A3(I)/ (A3  (I)+D2  (I)  ) 

33:33  II’ (I’A  (I ) . T/’.  r)  GO  TO  30 
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iv; o i 

l’=A.5(I)+D2 

(I) 

S1V  2 

G=A1  (X)  +1)1  (X) 

no^o 

R=7  1 (I)  -A2 

(1) 

31314 

Y=  (i’*PA  ( I ) ■ 

-A2 ( I ) ) / (R+ (A3 ( I ) +D2 ( I ) -O) *PA ( I)  ) 

o-i ; f'Z 

7 = 1-7 

no  nr 

CAP=l5*Y+r’*  ( 1 — Y) 

0 1.3  07 

DISPLAY  " 

II 

00300 

DISPLAY  "PROPORTION  OP  TIIT  PAS XC  RUNWAY  PSP  APPIIPP  = " 

v •»  •• 

9 1 $ 

0 r‘  0 0 '' 

DISPLAY  "PROPORTION  OI'  'LI' IP  REVISPD  RUN  ’AY  USP  APPLIES  = 

It  n M II 

9 1 9 

0 31  o 

DISPLAY  " 

II 

0.311 

LISPIA.Y  " 

II 

00310 

DISPLAY  " 

II 

' 3 313 

DISPLAY  " 

(OPTION  1 ) " 

SO  TO  100 

00330 

3c  CAP=D2 

( I) / (1 -P7  (I)) 

00331 

III  SPLAY'  " 

II 

0 ) 33.0 

DISPLAY  " 

II 

00333 

DISPLAY  " 

II 

0 0330 

DISPLAY  " 

II 

003.35 

DISPLAY  ” 

(OPTION  2)  " 

00.3  "5 

190  DISPLAY  " ****************************** 

* * * * * * * * * * * * * 

**" 

CQ34C 

DISPLAY  " 

II 

00347 

DISPLAY  " 

II 

003  4 5 

DISPLAY  " 

•1 

A 3 It  rt 

DISPLAY  " 

II 

00350 

DISPLAY  " 

CAPACITY  = ".CAP,"  OPERATIONS  PER 

FOUP" 

00351 

DISPLAY  " 

II 

00352 

DISPLAY  " 

•1 

00353 

DISPLAY  " 

II 

00354 

DISPLAY  " 

II 

00355 

46  ACCEPT 

"DO  YOU  WANT  A SPHSIT I’/ITY  ANALYSIS  OP  PERCENT 

ARRIVALS  TO  ( 

* CAPACITY?  ",02 

luO . 1 

DISPLAY  " 

II 

3 53.-5 

DISI  LAY  " 

II 

355.5 

DIPT LAY  " 

II 

- it 

IP (S3  .no. 

"YES"  .OR.  S3  .EQ.  "Y") DISPLAY  " * APR. 

CAP  • w 

3 55.5 

11- (S2  .EQ. 

"YES"  .OR.  S3  .PQ.  "Y" ) DISPLAY  " ******** 

4c  * 4c  * * * " 

555  . r 

DISIL/Y  " 

II 

0 03  50 

ir(S2  .p(>. 

"YES"  .OR.  S2  .EQ.  "Y" ) GO  TO  47 

00.357 

IF(S2  .EQ. 

"NO"  .OR.  S3  .PQ.  MN")  GO  "O  45 

00  355 

IP ( S2  .HE. 

"YES"  .OR.  S2  .NP.  "Y")  DISPLAY  "PLEASE  ENTER 

YFS  OR  MO , YOU 

* *CAN 

ALSO  ENTER  Y 

OR  II  " 

00359 

IP (SI  .ME. 

"YES"  .OR.  SI  .NE.  "Y")  GO  TO  «6 

5 59.2 

22  COMTIMUP 

0 1300 

47  DO  55 

1=  1,101,5 

.10301 

R1  AL  J , P , L 

,,.M,N 

O1’  362 

J=I-1 

00304 

P=A1 (1) 

10365 

Q=D1  (1) 

00366 

V=A2 ( 1 ) 

003t  7 

S=D2  (1  ) 

0 n 3 r o 

Y=P/ (P+Q) 

363.  1 

J=J/1 99 

M? 


■HHi 


00300  IF(J  . LT.  T)GO  TO  13 

30370  W=P/J 

370.1  J=J*1(J0 

00371  GO  TO  GG 

371.1  13  J=J*100 

372.1  27  IF  (V  . EQ . 0 . AND . S . EQ.  0)  DISPLAY  "FOB  "J"  PFPCENT  APR. YOU  NFFr>  AB 

**!'..£  DLPT.CAP.OF  REVISED  R/U  " 

372.2  IF (V  .EQ.  0 .MID.  S .EQ.  0)  GO  TO  55 

00373  20  U=V/(V+S) 

373.1  J=J/100 

00374  IF ( J .LT.  L ) GO  TO  2° 

00375  K=V+S 

0037F  L=P+Q 

03  377  :t=r-v 

0037  0 M=  ( (V+S)  *J-V)/  (11+  (K-L)  *J) 

00  37<)  V»— L*N+K*  ( 1 — M ) 

379.1  J=J*190 

00330  GO  TO  GC 

00301  29  W=S/(1-J) 

331.1  .T=J*10-> 

00332  Ch  i;r:ITE(1 , 300)  J,V 
00  3G3  i'll  I’ORflAT  (5JC,I4, 7”, 14) 

00334  55  CONTINUE 

00403  45  ACCEPT  "DO  YOU  WANT  TO  MAKE  AIIOTUER  CALCULATION?  " ,S1 

400.1  A1 (I ) =0 

400.2  A2(I)=0 

400.3  PI  (1)  = ° 

400.4  D2(I)=0 


OCN' 01 

IF  (SI 

.EC'. 

II  yT'n  II 

.on.  si 

• EQ. 

" Y"  ) 

GO  TO  77 

004  02 

IF  (SI 

.EQ. 

":;o"  , 

.OR.  SI 

• EQ. 

"II"  ) 

GO  TO  30 

00 4 03 

IF  (SI 

NT 

"YES" 

.on.  si 

.HU. 

"Y"  ) 

DISPLAY  "PLE7.SE  ENTER  YES  OP.  »T0 

* * , Y OU 

CAN  ALS( 

in  y 

OR  'I  " 

00404 

IF  (SI 

• Tu 

n yt.»  r*  •• 

.c.n.  si 

j7j;  # 

"Y  ■) 

GO  TO  45 

00405  GO  STOP 

0C40F.  UNI: 
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BASIC 

REVISED 

REVISED 

BASIC 

REVISED 

REVISED 

MODEL 

VFR  MODEL 

IFR  MODEL 

MODEL 

VFR  MODEL 

IFR  MODEL 

1-3 

1-2 

1-2 

4-13 

4-21 

4-21 

2-4 

2-2 

2-2 

4-15 

4-21 

4-21 

2-6 

2-3 

2-3 

4-17 

4-21 

4-21 

2-10 

2-8 

2-8 

4-19 

4-  24 

4-24 

2-  1 1 

2-9 

2-9 

2-  12 

2-9 

2-9 

5-2 

1-2 

1-2 

2-17 

2-15 

2-15 

5-3 

5-  1 

5-1 

2-18 

2-15 

2-15 

5-4 

1-2 

1-2 

2-20 

1-2 

1-2 

5-5 

5-4 

1-2 

2-22 

2-20 

1-2 

2-23 

2-21 

2-21 

6-2 

1-2 

1-2 

2-24 

2-21 

2-2  1 

6-3 

1-2 

1-2 

3-  1 

3-28 

3-28 

7-4 

1-2 

1-2 

3-2 

3-29 

3-29 

7-5 

2-21 

2-21 

3-3 

3-29 

3-29 

7-6 

2-9 

2-9 

.3-4 

3-2  2 

2-20 

3-8 

3-23 

2-20 

10-1 

10-5 

5-1 

3-6 

3-24 

3-24 

10-2 

3-29 

2-15 

3-7 

3-22 

2-21 

10-3 

3-22 

2-21 

3-  8 

3-22 

2-2  1 

1 C - 4 

3-22 

2-21 

3-4 

3-2  3 

2-20 

3-10 

3-24 

3-24 

11-1 

2-21 

2-21 

3-  1 1 

3-26 

2-3 

1 1-2 

4-24 

2-15 

3-13 

3-26 

3-26 

11-3 

2-21 

2-21 

3-14 

3-27 

3-27 

1 1-4 

2-21 

2-21 

3-  16 

1-2 

1-2 

3-17 

1-2 

1-2 

12-1 

1-2 

1-2 

3-  18 

3-2  5 

2-15 

12-2 

2-9 

2-15 

3-19 

3-25 

2-15 

12-3 

1-2 

1-2 

3-20 

3-2  2 

2-2  1 

12-4 

12-3 

1-2 

3-21 

3-22 

2-2  1 

13-  1 

3-26 

2-15 

4-1 

2-3 

2-3 

1 3-2 

3-29 

3-29 

4-  3 

2-9 

2-9 

13-3 

3-22 

2-21 

4-5 

4-22 

4-22 

13-4 

3-2? 

2-21 

4-7 

4-21 

4-21 

4-9 

4-23 

4-23 

14-1 

2-21 

2-21 

4-14 

4-23 

4-2  3 

14-2 

4-24 

2-15 

4-  1 1 

4-2 

2-3 

15-1 

2-21 

2-21 

15-2 

2-21 

2-21 

FIGURE  A- 1 

FASIC  6 REVISED  RUNWAY  USE 
CONFIGURATIONS  FOR  PERCENT  ARRIVAL  TECHNIQUE 
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COMPUTER  DIALOGUE  TOR  EXAMPLE  1 
FIGURE  A-"1 

execute  pa.sfo 
LOADING 
EXECUTION 


******  PERCENT  ARRIVALS  TECHNIQUE  ****** 
FOR  ALL  R/W  CAPACITY  MODELS 


ENTER  DESIRED  % ARRIVALS:  45 

ENTER  ARRIVAL  CAPACITY  OF  BASIC  RUNWAY  USE  CONFIGURATION:  35 

ENTER  DEPARTURE  CAPACITY  OF  BASIC  RUNWAY  USE  CONFIGURATION:  15 

ENTER  ARRIVAL  CAPACITY  OF  REVISED  RUNWAY  USE  CONFIGURATION  WITH  ALL  ARRIVAL  STRE 
AMS  ELIMINATED  THAT  COULD  INFLUENCE  DEPARTURE  STREAMS : 0 

ENTER  DEPARTURE  CAPACITY  OF  REVISED  RUNWAY  USE  CONFIGURATION  WITH  ALL  ARRIVAL  ST 
REAMS  ELIMINATED  THAT  COULD  INFLUENCE  DEPARTURE  STREAMS : 55 

PROPORTION  OF  TIME  BASIC  RUNWAY  USE  APPLIES  = .6644295 

PROPORTION  OF  TIME  REVISED  RUNWAY  USE  APPLIES  = .3355705 


(OPTION  1 ) 

******************************************* 


CAPACITY  = 51  OPERATIONS  PER  HOUR 


DO  YOU  WANT  A SENSITIVITY  ANALYSIS  OF  PERCENT  ARRIVALS  TO  CAPACITY?  y 


% ARR. 

CAP. 

• 

******** 

****** 

0 

55 

4 

5 

55 

10 

54 

1 5 

54 

20 

53 

25 

53 
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40  V 

II  % jt 


execute  pa.sfo 
LOADING 
EXECUTION 


******  PERCENT  ARRIVALS  TECHNIQUE  ****** 
FOR  ALL  R/W  CAPACITY  MODELS 


ENTER  DESIRED  % ARRIVALS:  50 

ENTER  ARRIVAL  CAPACITY  OF  BASIC  RUNWAY  USE  CONFIGURATION:  70 

ENTER  DEPARTURE  CAPACITY  OF  BASIC  RUNWAY  USE  CONFIGURATION:  30 

ENTER  ARRIVAL  CAPACITY  OF  REVISED  RUNWAY  USE  CONFIGURATION  WITH  ALL  ARRIVAL  STRE 
AMS  ELIMINATED  THAT  COULD  INFLUENCE  DEPARTURE  STREAMS:  0 

ENTER  DEPARTURE  CAPACITY  OF  REVISED  RUNWAY  USE  CONFIGURATION  WITH  ALL  ARRIVAL  ST 
REAMS  ELIMINATED  THAT  COULD  INFLUENCE  DEPARTURE  STREAMS:  110 


PROPORTION  OF  TIME  BASIC  RUNWAY  USE  APPLIES  = 
PROPORTION  OF  TIME  REVISED  RUNWAY  USE  APPLIES 


.7333333 

.2666667 


1 


(OPTION  1) 


CAPACITY 


102  OPERATIONS  PER  HOUR 


DO  YOU  WANT  A SENSITIVITY  ANALYSIS  OF  PERCENT  ARRIVALS  TO  CAPACITY?  n 


DO  YOU  WANT  TO  MAKE  ANOTHER  CALCULATION?  n 
STOP 


COMPUTER  DIALOGUE  FOR  EXAMPLE  2 
FIGURE  7-3 


execute  pa.sfo 
LOADING 
EXECUTION 


******  PERCENT  ARRIVALS  TECHNIQUE  *♦♦*** 
FOR  ALL  R/W  CAPACITY  MODELS 


ENTER  DESIRED  % ARRIVALS:  50 

ENTER  ARRIVAL  CAPACITY  OF  BASIC  RUNWAY  USE  CONFIGURATION:  35 

ENTER  DEPARTURE  CAPACITY  OF  BASIC  RUNWAY  USE  CONFIGURATION:  25 

ENTER  ARRIVAL  CAPACITY  OF  REVISED  RUNWAY  USE  CONFIGURATION  WITH  ALL  ARRIVAL  STRE 
AMS  ELIMINATED  THAT  COULD  INFLUENCE  DEPARTURE  STREAMS : 0 

ENTER  DEPARTURE  CAPACITY  OF  REVISED  RUNWAY  USE  CONFIGURATION  WITH  ALI,  ARRIVAL  ST 
REAMS  ELIMINATED  THAT  COULD  INFLUENCE  DEPARTURE  STREAMS:  70 

PROPORTION  OF  TIME  BASIC  RUNWAY  USE  APPLIES  = .875 

PROPORTION  OF  TIME  REVISED  RUNWAY  USE  APPLIES  = .125 


(OPTION  1) 


CAPACITY  = 61  OPERATIONS  PER  HOUR 


DO  YOU  WANT  A SENSITIVITY  ANALYSIS  OF  PERCENT  ARRIVALS  TO  CAPACITY? 


DO  YOU  WANT  TO  MAKE  ANOTHER  CALCULATION?  n 
STOP 


COMPUTER  DIALOGUE  FOR  EXAMPLE  3 
FIGURE  A- » 
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APPENDIX  E ARRIVAL- ARRIVAL  SEPARATION  PPE- PROCESSOR 


Introduction 


This  appendix  presents  two  utility  on-line  proqrams  that  are 
useful  for  preparinq  inputs  to  the  Runway  Capacity  Model  and 
interpretinq  inputs  used  with  the  Runway  Capacity  Model.  One 
program  will  convert  observed  averaqe  separations  (i.e., 

AASP)  over  the  threshold  to  the  model  input  of  minimum 
separation  (i.e.,  DLTAIJ) . The  other  proqram  will  convert 
the  model  input  of  minimum  separation  into  an  averaqe 
Reparation  over  the  threshold. 


Copies  of  these  utility  proqrams  are  not  available  for 
distribution.  A listinq  of  each  proqram  is  contained  in 
paragraph  8.6. 


The  value  of  averaqe 
minimum  separation  h 


separation  over  threshold  is  related  to 
the  equation: 


AASR(ij)  = DLTA  (i  j)  - (SI GMA  x fPV) 
V(j) 


AASR(ij)  is  the  averaqe  separation  between  a pair 
of  arrival  aircraft  ov^r  the  threshold. 


DLTA(i'j)  is  the  input  DLTAI.T  to  the  Runway  Capacity 
Model;  i.e.,  ,the  minimum  separation  over  the  common 
approach  path  between  a pair  of  arrival  aircraft. 


V ( j ) is  the  velocity  of  the  trailinq  arrival  aircraft. 

V(i)  is  the  velocity  of  th^  lead  arrival  aircraft. 

SIGMA  is  the  standard  deviation  of  arrival-arrival 
separation. 

fPV  is  the  number  of  standard  deviations  to  be  applied 
to  the  standard  deviation  to  create  a separation 
buffer  which  will  prevent  aircraft  from  cominq 
closer  toqether  than  th°  minimum  separation. 

NCTE : For  profcabilit ies  less  than  . 5h,  fPV  will 

be  a negative  number. 

G(j)  is  the  length  of  the  common  approach  path  for  the 
trailinq  aircraft. 


m 


B. 3 Input  Format 


B.3.1  AASR  to  DLTA 

The  proqram  to  convert  average  separations  over  threshold 
into  model  inputs  DLTA I J can  be  called  by  the  command  EXECUTE 
DLTAIJ.SFO.  The  model  will  first  ask  for  the  average 
separation  between  each  aircraft  pair  in  nautical  miles; 

i.  e. , 

D(A,A)  = 

D (A, B)  = 

D (A, C)  = 

D(A.D)  * 

D(E,A)  = 

D(B#B)  = 

D(B,C)  = 

D (B,D)  = 

D(C,A)  = 

D (C, B)  = 

D(C,C)  - 
D(C,D)  = 

D(D,A)  = 

D(D,B)  = 

D(D,C)  = 

D(D,D)  = 

After  all  separations  have  been  input,  the  model  will  request 
values  for  the  length  of  the  common  approach  path  in  nautical 
miles  by  aircraft  class;  i.e., 

G(A)  = 

G (B)  = 

G (C)  = 

G(D)  = 

After  all  distances  have  been  input,  tne  model  will  request 
the  standard  deviation  of  arrival -arrival  separation  in 
seconds ; i.e., 

SIGMA  ARR-ARR  = 

Followed  by  the  absolute  number  of  standard  deviations  you 
wish  to  include  in  the  separation  buffer;  i.e., 

F (PROB.  OF  VIOLATION)  = 

Values  of  F (PROB.  OF  VIOLATION)  are: 

PROB.  OF  VIOLATION  F(PROB.  OF  VIOLATION) 

.01  -2.35 

.02  -2.05 

.03  -1.90 


2C0 


.O'* 
.05 
.06 
.07 
.08 
.09 
. 10 


-1.75 
-1.65 
-1.55 
-1.#5 
- 1. 40 
-1.35 
-1.30 


B . 3 . 2 DLTA  to  AASR 

The  proqram  to  convert  the  model  input  DLTAIJ  into  the 
averaqe  separation  over  theshold  can  be  called  hv  the  command 
FXFCnTF  AASR.SFO.  The  model  will  ask  the  same  series  of 
questions  shown  in  paraqraph  P.3.1.  However,  the  input  for 
n (A, A)  throuoh  D (D,  D)  should  be  the  value  of  DLTAIJ  in 
nautical  miles. 


8.  u 


Output 

The  output  of  these  models  is  a table  listinq  the  values  of 
AASR  and  DLTAIJ  for  each  aircraft  pair. 


B . 5 Examples 

""he  followinq  example  illustrates  the  use  of  AASF.SFO  and 
DLTAIJ. SFC. 


Fx ample  1 


Convert  the  followinq  matrix  of  DLTAIJ  values  to  AASR  values: 


Trai  1 


A 

A 3 

Lead  Air-  B 3 

craft  C 4 

D 6 


Aircraft 

B C D 

3 3 3 

3 3 3 

4 3 3 

6 5 4 


"he  lenq«-h  of  *he  common  approach  oath  is  6 nautical  miles 
for  all  aircraft,  classes,  SIOMA  is  15  seconds  and  FPV  = -1.9. 


The  computer  dialoque  for  this  problem  is  shown  in  Fiaure  B-1. 
The  matrix  of  AASR  values  is: 


Trai  1 
A 

Aircraft 

B 

A 

3.  8 

4.  0 

Lead  Air- 

B 

5.0 

4.0 

craft 

C 

6.4 

5.  4 

D 

8.7 

7.8 

C D_ 

4.0  4.1 

4.0  4.1 

4.0  4.1 

6.5  5.1 
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Example  2 


Convert  the  following  matrix  of  AASR  values  to  DLTAIJ  values. 


Trai  1 
A 


A 3 

Lead  Air-  B 3 

craft  C 4 

D 6 


Aircraft 

B C D 

3 3 3 

3 3 3 

4 3 3 

6 5 4 


The  length  of  the  common  approach  path  is  6 nautical  miles 
for  all  aircraft  classes,  SIGMA  is  15  secon/is,  and  FPV  = -1.9 

The  computer  dialonue  for  this  problem  is  shown  in  Figure  R-2 
The  matrix  of  DLTAIJ  values  is: 

Trail  Aircraft 


A 

B 

C 

D 

A 

2.2 

2.  1 

2.  0 

1.9' 

Lead  Air- 

B 

1.0 

2.  1 

2.0 

1.9 

craft 

C 

1 . 6 

2.6 

2 . C 

1.9 

D 

3.3 

4.  2 

3.  5 

2.9 

2C2 


B.6  PROGRAM  LISTING 

type  aasr.sfo 

00005  DISPLAY’ D=AASR,  G=GAMA ' 

00010  DIMENSION  G (4) ,DIJ (4,4) 

00011  REAL  IAS 

00020  DISPLAY 'TO  CONVERT  AASR  INTO  DLTAIJ ' 

00030  ACCEPT  'D(A,A)=* , DI J ( 1 , 1 ) , ' D (A, B) = 1 ,DIJ ( 1 , 2 ) , ' D (A, C) = ' ,DIJ (1 ,3) , 

' D (i 

’ , DIJ (1,4) 

0004  0 ACCEPT' D(B,A)= ' ,DIJ (2 , 1 ) , ' D (B , B)  = ' ,DIJ (2 , 2 ) , ' D (B , C) ='  ,DIJ  (2,3)  , 

1 D (B, 

, DI J (2,4) 

00  050  ACCEPT* D (C ,A)  = ' , DI J (3, 1 ) , ' D(C,B)  = ' ,DIJ (3,2) , 'D(C,C)  = ' ,DIJ  (3, 3)  , 

' D (C , 

, DIJ  (3,4) 

00060  ACCEPT' D (D, A) =' ,DIJ (4 , 1 ) , ' D (D, B) =' ,DIJ (4,2),'D(D,C)=' , DI J (4,3), 

' D (D , 

, DIJ (4,4) 

C0070  ACCEPT  'G  (A)  ='  , G ( 1 ) , ' G ( B)  = ' ,G  (2 ) , 'G  (C)  = ' , G ( 3)  , ' G ( D)  = ' , G ( 4 ) 

00000  ACCEPT  'SIGMA  ARR-ARR= ' , SAA 

00030  ACCEPT' F ( PROB.  OF  VIOLATION) =', FPV 

00005  DISPLAY' ' 

00096  96  CONTINUE 

00097  97  CONTINUE 

00008  98  CONTINUE 

00100  DISPLAY  ' A= 1 , B=2,  C=3 , D=4 ' 

09101  DISPLAY  '11=  LEAD  AIRCRAFT' 

00102  DISPLAY 'N=  TRAILING  AIRCRAFT' 

001 10  DO  100  M=1 ,4,1 

00120  IF  (M.EQ.1 )VI=95 

001  30  IF  (li.EQ.  2 ) VI=120 

001  40  IF  (N.EQ. 3)  VI=130 

00141  IF  (II.  EQ . 4 ) VI=1  4 0 

00150  15  DO  100  N=1 ,4,1 

00160  IF (N.EQ. 1 ) VJ=95 

00170  IF  (N. EQ . 2 ) VJ=1 20 

00130  IF (N.EQ. 3)  VJ=130 

00131  IF (N.EQ. 4 ) VJ=140 

00190  5 IF(VI.GT.VJ)  GOTO  10 

00191  GOTO  20 

00195  DISPLAY 'DDIJ  MEANS  DLTAIJ.  DIJ  IS  USED  HERE  FOR  IAS.' 

30209  10  DDIJ=DIJ (M,N) + ( ( (G (N) /VI) - (SAA+FPV/3600) ) *VJ) -G (N) 

00201  GOTO  30 

00210  20  DDIJ=DIJ(M,N) - (SAA*FPV*VJ/3600 ) 

00220  30  DISPLAY  'M= ' ,11, ' N= ' , N , ' FOR  AASR= ', DIJ (M ,N) ,' DLTAIJ  IN  N MI=',DDIJ 

00230  100  CONTINUE 

00240  END 
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type  dltaij.sfo 

00005  DISPLAY* D=DLTAIJ , G=GAMA,  ' 

00010  DIMENSION  G(4) ,DIJ(4, 4) 

0001 1 REAL  IAS 

00020  DISPLAY ' TO  CONVERT  DLTAIJ  INTO  AASR  IN  N MI.' 

00030  ACCEPT  ' D (3 ,A)=* ,DIJ (1 ,1 ) , ' D (A ,B) =' , DI J ( 1 , 2 ) , ' D (A,C) = ' , DI J ( 1 ,1) 
' , DIJ (1,4) 

00040  ACCEPT’ D(B,A)=' , DIJ (2,1) , ' D (B , B) = ' , DIJ (2,2) , ' D (B  ,C)  = ' , DI  J (2,  3 ) , 
, DIJ (2,4) 

00050  ACCEPT ' D ( C , A ) = ' ,DIJ (3, 1 ) , ' D (C ,B) = ' , DIJ ( 3 , 2 ) ,'D(C,C)=* , DIJ (3,3) , 

, DIJ  (3,4) 

000G0  ACCEPT' D (D, A)  = ' , DIJ  (4, 1 ) , ' D (D , B) = ' ,DIJ  (4,2),'D(D,C)  = ' , DIJ (4, 1)  , 


, DIJ  (4,4) 


ACCEPT'  G (A)  = ' , G ( 1 ) , ' G (B)  = ' ,G  (2 ) , ' G (C)  = ' , G (3 ) , ' G (D)  = ' , G (4  ) 
ACCEPT  'SIGMA  ARR-ARR= ' ,SAA 
ACCEPT' F ( PROB.  OF  VIOLATION) =’, FPV 
DISPLAY' ' 

96  CONTINUE 

97  CONTINUE 
93  CONTINUE 

DISPLAY  ' A=1 , B=2 , C=3,  D=4 ' 

DISPLAY  ' ' 

DISPLAY ' M=  LEAD  AIRCRAFT. ' 

DISPLAY  'N=TRAILING  AIRCRAFT. ' 

DISPLAY'  ’ 

DISPLAY  106 
DO  100  M=1 ,4 ,1 
IF  (M.EQ. 1 ) VI=95 


IF (M. EQ. 2 ) VI=1 20 
IF (M.EQ . 3 ) VI=1 30 
IF (M.EQ . 4 ) VI  = 1 4 0 
15  DO  100  N=1 ,4,1 
IF (N.EQ.1 )VJ=95 
IF  (N. EQ . 2 ) VJ= 120 
IF (N . EQ. 3 ) VJ=1 30 
IF (N.EQ. 4 ) VJ=1 40 
5 IF(VI.GT.VJ)  GOTO  10 
GOTO20 

1 0 IAS= ( ( (G (N ) +DIJ (M,N) ) /VJ) - (G (H) /VI ) + (SAA*FPV/3600 ) ) *VJ 
GOTO  30 

2 0 IAS=DI J (M,N,  + (SAA*FPV*VJ/36  00) 

30  DISPLAY 'M=' ,M, 'N= 'N, 'FOR  DLTAI J= ', DIJ (M , N) ,' AASR  IN  N MI=' , 
100  CONTINUE 


00240  END 


execute  ditaij.sfo 
SFORTRAN:  DLTAIJ 
LOADING 
EXECUTION 

D=  DLTAIJ , G=GA'iA, 

TO  CONVERT  DLTAIJ  INTO  AASR  IN  N ’ll. 

D (A , A)  = 3 

D (A,i3)  = 3 

D (A, C) =3 

D ( I , D ) = 3 

D (U , A)  “3 

D (B,D) =3 

D ( B , C ) = 3 

D(3,D)=3 

D (C , A) =4 

D(C,D)=4 

D(C,C)=3 

D(C,D)=3 

D(D,A)=G 

D(D,L)=6 

D (D ,C) =5 

D(D,D)=4 

G (A) =6 

G (B)=G 

G(C)=G 

G (D)=6 

SIGMA  ARR-ARR= 1 5 

F(  PROI?.  OF  VIOLATION)  = 1 .9 

A=1,  B=2,  C=3 , D=4 

M=  LEAD  AIRCRAFT. 

N=T RAILING  AIRCRAFT. 


M= 

1 

N= 

1 

FOR 

DLTAI J= 

3 

AASR 

IN 

N 

MI= 

3.752083 

M= 

1 

N= 

2 

FOR 

DLTAIJ= 

3 

AASR 

IN 

N 

HI* 

3.05 

M= 

1 

H= 

3 

FOR 

DLTAI J= 

3 

AASR 

IN 

N 

MI* 

4.029167 

M= 

1 

N= 

4 

FOR 

DLTAIJ= 

3 

AASR 

IN 

N 

MI* 

4.109333 

M= 

2 

N= 

1 

FOR 

DLTAIJ* 

3 

AASR 

III 

N 

Ml* 

5.O02083 

M= 

2 

N= 

2 

FOR 

DLTAI J= 

3 

AASR 

IN 

N 

MI* 

3.95 

M= 

2 

N= 

3 

FOR 

DLTAI J= 

3 

AAS  R 

IN 

N 

MI* 

4 . 92° 1 G7 

M= 

2 

N= 

4 

FOR 

DLTAIJ* 

3 

AASR 

IN 

N 

MI* 

4.108333 

M= 

3 

N= 

1 

FOR 

DLTAI J= 

4 

AASR 

IN 

N 

MI* 

6. 367468 

M= 

3 

N= 

2 

FOR 

DLTAI J= 

4 

AASR 

IN 

N 

MI* 

5.411538 

1= 

3 

N= 

3 

FOR 

DLTAI J= 

3 

AASR 

IN 

N 

MI* 

4.9291G7 

M= 

3 

N= 

4 

FOR 

DLTAI J= 

3 

AASR 

IN 

N 

MI* 

4. 108333 

M= 

4 

N= 

1 

FOR 

DLTAI J= 

G 

AASR 

IN 

N 

MI* 

8.680655 

M= 

4 

N= 

2 

FOR 

DLTAIJ* 

G 

AASR 

IN 

N 

MI* 

7.807143 

M= 

4 

N= 

3 

FOR 

DLTAI J= 

5 

AASR 

IN 

N 

MI* 

6.457738 

M= 

4 

N= 

4 

FOR 

DLTAI J= 

4 

AASR 

IN 

N 

Ml* 

5.109333 

COMPUTER  DIALOGUE  FOR  EXAMPLE  1 


FIGURE  B-1 


T 


execute  aasr.sfo 
S FORT RAN:  AASR 
LOADING 
EXE  CUT  I Oil 
D=AASR,  G=GAMA 
TO  CONVERT  AASR  INTO  DLTAIJ 
D (A, A)  = 3 
D (A,B)=3 
D (A, C)=3 
D (A,D) =3 
D (B , A) =3 
D (B ,B ) =3 
D (B  ,C ) =3 
D (B , D)  = 3 
D(C,A)=4 
D (C  , B ) =4 
D (C  ,C)  =3 
D (C,D)=3 
D (D,A)=G 
D(D,B)=G 
D(D,C)=5 
D (D  ,D)  = 4 
G (A)  =6 
G (B) =G 
G (C) =6 
G ( D ) = 6 

SIGMA  ARR-ARR= 1 5 

F(  PROB.  OF  VI0LATI0N)=1 .9 


A= 1 , B=2 , C=3 , D=4 
M= LEAD  AIRCRAFT 


N= 

M= 

TRAILING 

1 

AIRCRAFT 
N=  1 

FOR  AASR= 

3 

.1= 

1 

N= 

2 

FOR  AASR= 

3 

11= 

1 

N= 

3 

FOR  AASR= 

3 

M= 

1 

N= 

4 

FOR  AASR= 

3 

M= 

2 

N= 

1 

FOR  AASR= 

3 

M= 

2 

N= 

2 

FOR  AASR= 

3 

M= 

2 

N= 

3 

FOR  AASR= 

3 

M= 

2 

N= 

4 

FOR  AASR= 

3 

M= 

3 

N= 

1 

FOR  AASR= 

4 

M= 

3 

N= 

2 

FOR  AASR= 

4 

11= 

3 

N= 

3 

FOR  AASR= 

3 

M= 

3 

M= 

4 

FOR  AASR= 

3 

:i= 

4 

11= 

1 

FOR  AASR= 

6 

M= 

4 

N= 

2 

FOR  AASR= 

6 

M= 

4 

N= 

3 

FOR  A AS R= 

5 

M= 

4 

il= 

4 

FOR  AASR= 

4 

DLTAIJ 

IN 

N 

MI= 

2.247917 

DLTAIJ 

IN 

N 

MI= 

2.05 

DLTAIJ 

IN 

N 

MI= 

1 .970833 

DLTAIJ 

IN 

N 

MI= 

1 . B91 667 

DLTAIJ 

IN 

N 

MI  = 

.9979167 

DLTAIJ 

IN 

N 

MI= 

2.05 

DLTAIJ 

IN 

N 

MI= 

1.970833 

DLTAIJ 

IN 

N 

MI= 

1.891667 

DLTAIJ 

IN 

N 

MI  = 

1 . 632532 

DLTAIJ 

IN 

N 

MI  = 

2.588462 

DLTAIJ 

IN 

N 

MI  = 

1 . 970833 

DLTAIJ 

IN 

N 

MI= 

1.891667 

DLTAIJ 

IN 

N 

MI= 

3.319345 

DLTAIJ 

IN 

N 

MI= 

4.192857 

DLTAIJ 

IN 

N 

MI  = 

3.542262 

DLTAIJ 

IN 

N 

MI= 

2.891667 

COMPUTER  DIAIOGUE  FOR  EXAMPLE  2 
FIGURE  B-2 
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APPENDIX  C TAXIWAY  SYSTEM  CAPACITY  MODELS 


C.  1 Introduction 

The  output  of  the  Taxiway  Capacity  Model  described  in  Chapter 
8 is  the  capacity  of  a sinale  exit  taxiway  crossinq  a runway. 
This  appendix  describes  on-line  programs  for  computing: 

a)  The  demand  per  exit  on  a series  of  exit  taxiways 

fed  by  a runway. 

b)  The  aircraft  mix  per  exit  on  a series  of  exit 

taxiways  fed  by  a runway. 

c)  The  combined  capacity  of  a runway  and  its  exit 

taxiways. 

These  programs  are  for  parallel  and  non-parallel  runway  use 
conf iqurations  where  arrival  operations  on  the  outer  runway 
must  cross  the  inner  runway  to  reach  the  terminal  building. 

Copies  of  these  on-line  proqrams  are  not  available  for 
distribution.  A listinq  of  each  program  is  contained  in 
paragraph  C. 6. 

C. 2 Model  Logic 

The  first  approximation  of  demand  by  aircraft  class  on  a 
series  of  exit  taxiways  fed  by  a runway  (DEAit)  is  given  by: 

DEAit  = RWD  x Mi  x Eit/100 

where  RWD  is  the  feeder  runway  arrival  demand. 

Mi  is  the  runway  mix  by  aircraft  class, 

Eit  is  the  exit  utilization  percent  by  aircraft 
class  and  exit. 

The  first  approximation  of  taxiway  mix  for  a series  of 
exit  taxiways  fed  by  a runway  (MEAit)  is  qiven  by: 

MEAit  = (DEAit  x 100) /(RWD  x UPt) 

4 

where  UPt  = Eit  x Mi 

i=  1 

The  combined  capacity  of  a runway  and  its  feeder  taxiways 
(CRT)  is  given  by: 

4 N 

CRT  = 21  21  CAit 

i=1  t=1 
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CAit  is  the  crossing  capacity  for  a given  exit  taxiway 
and  aircraft  class.  CAit  is  determined  by: 


Let  DAit  be  the  exit  taxiway  demand  by  aircraft 

class. 

DAit  = Dt  x Mit 

where  Dt  is  the  demand  by  taxiway, 

Mit  is  the  aircraft  mix  by  taxiway 

CAit  * Dt  x Mit  if  DAit  is  less  than  Ct  x Mit 

CAit  = Ct  x Mit  if  DAit  is  equal  to  or  greater 

than  Ct  x Mit 

in  which  case  DAiu  = DAiu  ♦ (DAit  - (Ct  x Mit) ) 

where  Ct  is  the  crossinq  capacity  of  a given  taxiway  and 
u = t ♦ 1 

The  final  value  of  demand  per  exit  is  obtained  by  summinq  the 

values  of  CAit  for  each  exit.  The  final  value  of  mix  per 

exit  is  obtained  by  dividinq  the  values  of  CAit  by  the  demand 
per  exit. 


C. 3 Input  Format 

Two  on-line  proqrams  are  required  to  obtain  the  aircraft  mix 
per  exit  and  aircraft  demand  per  exit;  i.e., 

a)  TWUTIL 

b)  TWCAP 

The  output  of  TWTTTIL  supplies  the  first  approximation  of 
aircraft  mix  per  exit  taxiway,  the  first  approximation  of 
demand  per  exit  taxiway,  and  values  of  TW  VEL,  AC  SIZE, 
RWCLR,  and  HEADWAY  needed  to  calculate  the  capacity  of  an 
individual  taxiway.  The  values  of  crossinq  capacity,  demand 
per  exit  and  mix  per  exit  become  inputs  to  TWCAP  which 
calculates  the  desired  parameters. 


C.  3. 1 TWUTIL 

The  proqram  to  calculate  the  first  approximation  of  the 
demand  by  aircraft  class  on  a series  of  exit  taxiways  and  the 
aircraft  mix  is  called  by  the  command  EXFCUTE  TWUTIL. SFO. 

The  questions  asked  by  the  proqram  are: 
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ENTER  THE  NUMBER  OF  TAXIWAYS: 


Any  inteqer  between  1 and  10  may  be  entered. 

ENTER  THE  EXIT  UTILIZATION  PERCENT  FOR  EXIT  1 BY 
AIRCRAFT  CLASS  (A,  B,  C,  D)  : 

Four  inteqer  numbers  between  0 and  100  which  sum  to  100  are 
required.  The  first  number  is  for  class  A aircraft.  The 
last  number  is  for  class  D aircraft.  The  individual  exit 
utilizations  can  be  determined  by  usinq  the  cumulative  exit 
utilization  table  shown  in  Table  2-3.  The  model  assumes 
exits  are  in  ascendinq  numerical  order  from  the  threshold. 
This  question  is  repeated  for  each  exit. 

FNTER  RUNWAY  MIX  (A,  E,  C,  D)  : 

Four  inteqer  numbers  between  0 and  100  which  sum  to  100  are 
required. 

FNTER  RUNWAY  ARRIVAL  DEMAND: 

Any  inteqer  between  1 and  100  may  be  entered.  Enter  the 
runway  capacity  if  the  resultant  flow  rate  is  to  be 
considered  as  the  combined  capacity  of  the  runway  and  exit 
taxiway  system.  Enter  the  expected  runway  demand  if  the 
resultant  flow  rate  is  to  be  used  in  the  calculation  of 
ielav. 

TAXI  VELOCITY  EY  AIRCRAFT  TYPE: 

AIRCRAFT  SIZE  FOR  EACH  AIRCRAFT  TYPE: 

RUNWAY  CROSSING  DISTANCE  EY  AIRCRAFT  TYPE: 

HEADWAY  PY  AIRCRAFT  TYPE: 

Each  question  requires  four  inteqer  numbers.  The  first  is 
for  aircraft  class  A.  The  last  is  for  aircraft  class  D. 


C.  3.2  TWCAP 

The  proqram  to  calculate  the  final  demand  per  exit,  mix  per 
exit  and  combined  capacity  of  a runway  and  exit  taxiway 
system  is  called  by  the  command  EXECUTE  TWCAP. SFO.  The 
questions  asked  by  the  proqram  are: 

ENTER  THF  NUMBER  OF  TAXIWAYS: 

Any  inteqer  between  1 and  10  may  be  entered. 

The  followinq  three  questions  are  repeated  for  each  taxiway: 
AIRCRAFT  MIX  (A,  E,  C,  D)  : 


269 


i,. 


T" 


A 


Four  integer  numbers  between  0 and  100  which  sum  to  100  are 
required.  The  first  is  for  class  A aircraft.  The  last  is 
for  class  D aircraft.  This  input  is  determined  by  running 
the  program  TWUTIL.  This  question  will  be  repeated  for  each 
taxiway. 

AIRCRAFT  DEMAND: 

Enter  the  total  demand  on  the  given  exit.  This  input  is 
first  determined  by  running  the  program  TWUTIL. 

This  question  will  be  repeated  for  each  exit  taxiway. 

TAXIWAY  CROSSING  CAPACITY: 

Any  number  between  0.0  and  100.0  may  be  entered.  This  input 
is  determined  by  the  taxiway  crossing  model  described  in 
Chapter  8.  This  question  will  be  repeated  for  each  exit 
taxiway. 


t 


C. 4 Output 
C.4.1  TWUTIL 

The  output  of  the  program  TWUTIL  consists  of: 

a)  The  aircraft  mix  for  each  exit  (assuminq  that 
crossing  capacity  does  not  limit  use  of  the 
exit)  ; i.e. , 

AIRCRAFT  MIX  BY  EXIT 

%A  %C  *r> 

EXIT  1 
EXIT  2 
EXIT  3 


EXIT  10 

b)  The  aircraft  demand  for  each  exit  (assuming  that 
crossing  capacity  does  not  limit  use  of  the 
exit) ; i.e. , 

AIRCRAFT  DEMAND  BY  EXIT 
A B c n 

EXIT  1 
EXIT  2 
EXIT  3 


EXIT  10 
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TAXIWAY  CAPACITY  MODEL  INPUTS 
Taxiway  Aircraft  Crossing 
Velocity  Size  ClLength  Headway 


FXIT  1 
EXIT  2 
EXIT  3 


EXIT  1C 

Following  the  printing  of  the  output,  it  is  possible  to 
compute  exit  lemand  and  mix  using  other  values  of  runway  mix 
and  arrival  demand. 


t 


t 


DO  YOU  WANT  TO  MAKE  ANOTHFR  CALCULATION  USING  _PHF  SAME 
EXIT  UTILIZATION  PERCENTS? 

A Y or  YES  response  will  result  in  the  question: 

ENTER  RUNWAY  MIX: 

A N or  NO  response  will  result  in  the  guestion: 

DO  YOU  WANT  TO  MAKE  ANOTHER  CALCULATION? 

A Y or  YES  response  will  result  in  the  question: 

ENTER  THF  NUMBER  OF  TAXIWAYS: 

A N or  NO  response  will  terminate  the  program. 

C.4.2  TWCAP 

The  output  of  the  program  TWCAP  consists  of: 


a) 

The  flow  rate  on 

each  exit 

EXIT  FLOW 

RATE 

EXIT 

1 

EXIT 

2 

EXIT 

3 

• 

EXIT  10 
TOTAL 

If  the  input  demand  by  aircraft  class  is  equal  to  capacity  on 
the  runway,  the  output  total  flow  rate  on  the  exit  system  can 
he  regarded  as  the  combined  capacity  of  the  runway  and  exit 
taxiway  system.  If  the  input  demand  by  aircraft  class  is  the 
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expected  demand  on  the  runway,  the  individual  exit  flow  rates 
can  be  used  as  demand  in  the  demand  divided  by  capacity  ratio 
for  calculating  average  delay  per  aircraft. 

b)  The  mix  on  each  exit;  i.e., 

MIX  BY  EXIT 

A BCD 

FXIT  1 
FXIT  2 
EXIT  3 


EXIT  10 

If  the  combined  capacity  of  the  runway  and  exit  taxiway 
systems  is  less  than  the  runway  capacity  as  calculated  from 
Chapter  2,  the  ability  to  cross  aircraft  limits  the  capacity 
of  the  runway. 

Following  the  printing  of  the  output,  the  program  will 
terminate. 


C.  5 


Examples 

The  following  illustrates  the  use  of  the  on-line  proqram  to 
compute  runway- taxiway  capacity. 

Example  _1 

Compute  the  aircraft  mix  and  aircraft  demand  on  each  exit 
faxiway  for  fhe  following  conditions: 


Funway  1 5R  Demand  = Runway  Capacity 
Percent  Arrival  = 50 
Aircraft  Mix:  A = 10* 

B = 20* 

C = 30* 

D = 40* 


50  operations/hr. 


Aircraft 

Taxiway 

Aircraft 

Runway 

Type 

Veloci ty 

Size 

Clearance 

Headway 

A 

10 

28 

350 

350 

B 

10 

50 

350 

350 

C 

15 

150 

4 50 

750 

D 

15 

200 

4 50 

750 

EXIT 

LOCATION 

1 

1000 

feet  from 

threshold 

2 

3000 

feet  '• 

II 

3 

4000 

feet  " 

It 

4 

5000 

feet  " 

It 

5 

6000 

feet  ” 

II 

A 

8000 

feet  " 

•I 
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From  Table  2-3,  the  following  exit  utilization  percents 
are  obtained: 


EXIT 

LOCATION 

EXIT  PERCENT 

A 

B 

C 

D 

1 

1 COO 

6 

0 

0 

0 

2 

3000 

94 

39 

0 

0 

3 

4000 

- 

59 

8 

0 

4 

5000 

- 

2 

41 

9 

5 

6000 

- 

- 

43 

62 

6 

8000 

— 

- 

8 

29 

The  computer  dialogue 

for  this 

problem 

is 

shown  in 

Figure 

C-1.  The  results  are: 

Aircraft 

Mix 

EXIT 

LOCATION 

A 

B 

C 

D 

Demand 

1 

1000 

100 

0 

0 

0 

1 

2 

3000 

55 

45 

0 

0 

4 

3 

4000 

0 

83 

17 

0 

3 

4 

5009 

0 

3 

75 

22 

4 

5 

6000 

0 

0 

34 

66 

9 

6 

8000 

0 

0 

17 

83 

4 

Example  2 

If  the  arrival  operations  on  runway  15P  in  examnle  1 have  to 
cross  runway  15L  to  qet  to  the  terminal  area,  what  is  the 
maximum  aircraft  demand  that  can  operate  on  runway  15R  if 
the  demand  on  runway  15L  is  fixed  at  58  operations  per  hour? 

The  Taxiway  Capacity  Model  was  used  to  calculate  the  crossina 
capacity  of  each  exit.  The  results  were: 


EXIT  LOCATION  Crossing  Capacity 


1 1000  30 

2 3C  00  22 

3 4000  13 

4 5000  6 

5 6000  4 

6 8000  3 


The  computer  dialogue  for  this  problem  is  shown  in  Figure 
C-2.  The  combined  capacity  of  runway  15R  and  its  exit  taxiway 
system  is  found  t-o  be  38  (i.e.,  19  x 2)  operations  per  hour. 

Th°  exit  taxiway  system  limits  the  capacity  of  runway  15R  in 
this  example. 
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C. 6 Program  Listing 
type  twutil . sfo 

00001  DIMENSION  E ( 4 , 1 0 ) ,M(4)  ,UP(10)  ,D(4)  ,DE(10)  ,DEA(4,10)  ,MEA(4,10) 

00002  DIMENSION  TV(4) ,AS(4) ,RC(4) ,H(4) ,ATV(10) ,AAS (10) ,ARC(10) ,AH(10) 

00003  STRING  Q1  (3)  ,Q2(3) 

00004  INTEGER  T 

00005  REAL  M , MEA 

0000C  5 ACCEPT  'ENTER  THE  NUMBER  OF  TAX I WAYS s ' ,N 

00007  DISPLAY  ' ' 

00000  DO  10  T= 1 , N , 1 

00009  DI SPLAY  'ENTER  THE  EXIT  UTILIZATION  PERCENT  FOR  EXIT  ' ,T 

00010  ACCEPT  'BY  AIRCRAFT  CLASS  (A,B,C,D):  ' ,E ( 1 ,T) ,E (3 , T) , 

E(3,T)  , E ( 4 , T ) 

00011  DISPLAY  ' ' 

00012  10  CONTINUE 

00013  ACCEPT' ENTER  RUNWAY  MIX  (A,B,C,D:  ' ,M ( 1 ) ,M ( 2) ,M  (3) ,M ( 4) 

00014  ACCEPT  'ENTER  RUNWAY  ARRIVAL  DEMAND:  ' ,RWD 

0001  5 ACCEPT  'TAXI  VELOCITY  RY  AIRCRAFT  TYPE:  ' , TV ( 1 ) ,TV (2 ) ,TV ( 3)  , TV  (a) 

00010  ACCEPT' AIRCRAFT  SIZE  FOR  EACH  AIRCRAFT  TYPE:  ', 

AS  ( 1 ) , AS  (2 ) , AS  (3) , AS ( 4 ) 

00017  ACCEPT ' RUNWAY  CLEARACNE  BY  AIRCRAFT  TYPE:  ' , RC ( 1 ) , RC (2 ) , PC ( 3) , RC ( 4 ) 

0001  3 ACCEPT 'HEADWAY  BY  AIRCRAFT  TYPE:  ' , H ( 1 ) , H ( 2 ) ,11(3)  , H ( 4 ) 

10  01^  2=  0 

09020  DO  30  T=  1,11,1 

00021  DO  20  1=1 ,4,1 

00022  20  Z=E ( I , T) *M (I) /I  0000. Q+Z 

00023  UP (T)  = Z 

00024  Z=0 

00025  30  CONTINUE 

00026  DO  40  1=1 ,4, 1 

00027  D ( I) =RWD*M  (IJ/100.0 

00023  40  CONTINUE 

00020  DO  50  T=1,N,1 

00030  DE (T) =RWD*UP (T) 

00031  50  CONTINUE 

00032  DO  60  T=1,N,1 

00033  DO  GO  1=1  ,4, 1 

000  31'.  DBA  ( I ,T)  =D  (I ) *E  ( I , T) /I  0 0 . 0 

00035  MEA(I,T)=DEA(I,T)/DE(T) *100.0 

0003 G GO  CONTINUE 

00037  DI  SPLAY  ' ' 

00030  DISPLAY'  ' 

0003 > DISPLAY'  AIRCRAFT  MIX  BY  EXIT' 

•10040  DISPLAY'  A 3 C D' 

00041  DO  30  T= 1 , N , 1 

30042  WRITE (1,70)  T,MFA(1,T) ,MEA(2,T) ,MFA(3,T) ,MEA(4,T) 

00043  70  FORMAT  (4X,5H1’XIT  , II  , 3X , 4F7 . 1 ) 

00044  30  CONTINUE 

00045  DISPLAY'  ' 

0004G  DISPLAY'  ' • 


I 
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00 047  DISPLAY'  AIRCRAFT  DEMAND  "Y  EXIT' 

00040  DISPLAY'  A B C D' 

00040  no  100  T=  1 , N , 1 

00050  WRITE (1,00)  T,PEA(1,T) ,DEA(7,T) ,DEA(3,T) ,DEA (4 , T) 

00051  00  rORMAT(4:;,5Ei.::iT  ,I1,«F7.1) 

0005.0  100  COITINUF 

00  053  DO  110  T=1,N,1 

00C55  ATV (T)  = 0 

0 0056  AAS (T) = 0 

050.1  ARC  (O’)  =0 

0 56 . 2 Ail  (T)  = 0 

050.5  DO  110  1=1  ,4,1 

0 0 0 5 7 ATV  ( T ) = ATV  ( T ) +TV  ( I ) *’1EA  ( I , T ) / 1 0 0 . 0 

0 0050  AAS (T ) =AAS (T) +AS ( I ) *MKA ( I ,T ) /I  00 . 0 

0 00  5 0 ARC (T ) =ARC (T) +RC (I ) *MEA (I ,") /I  00. 0 

0 0 06  o AH  (T ) =AH  (T ) +H  ( I ) *U.EA  ( I ,T ) / 1 00 . 0 

00061  110  CONTINUE 

051.1  DISPLAY ' ' 

061.2  DISPLAY ' ' 

00002  DISPLAY'  TAXIWAY  CAPACITY  ?10DFL  INPUTS' 

000  63  DISPLAY'  TW  VEL  AC  SIZE  RW  CLR  HFADWAY ' 

063.1  DO  170  T= 1 , N , 1 

00064  WRITE  (1,121)  T ,ATV  (T)  , AAS  (T)  ,ARC  (T)  , All  (T) 

00065  121  FORMAT ( 5HEXIT  , II , 5X , F6 . 0 , 5X,F7 . 0, 5X,FG. o , 5X,F7 . 0) 

00066  120  CONTINUE 

00060  ACCEPT'  DO  YOU  WANT  TO  MAKE  AUOTilER  RIP!  USING  THE  SAME  EXIT  UTILISATION  P 
♦♦CF.CENTS?  ',<01 

O^OCO  IF (Q1 .EQ. ' Y ' . OR.Q1 .EQ. ' YWS ' ) GOTO  10 

0 0071  ACCEPT' DO  YOU  WANT  TO  MAKE  ANOTHER  CALCULATION?  ' ,Q? 

00072  IP  (Q2.EQ.  ' Y ' .OR.Q2.EQ.  ' YES  ' ) GOTO  5 

0007 3 END 
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tvcap.sfo 

DIMENSION  M(4,10)  ,D(10)  ,C(10)  ,CA(4,10)  ,DA(<!,10) 

DIMENSION  RDA (4 ,10) 

REAL  M 
INTEGER  T 

ACCEPT  ' ENTER  THE  NUMBER  or  TAM I NAYS : ' ,M 

DISPLAY  ' ' 

DO  5 T=1  , W,  1 

DISPLAY  'FOR  TA-TIWAY'  ,T 

ACCEPT  'AIRCRAFT  MIX (A ,R ,C ,D) : ' ,H<  1 ,T)  (2,  T)  ,!* ( 3,T)  /*  ( ''  ,T) 

ACCEPT  'AIRCRAFT  DEMAND:  ’,D(T) 

ACCEPT  ’ TANIWAV  CROCS  IMG  CAPACITY : ',C(T) 

DISPLAY'  ' 

5 CONTINUE 
TD=o 

DO  1 T= 1 ,11,1 
TD=TD+D(T) 

1 CONTINUE 
C (N+1 ) = 1 
do  n t=i  ,n,i 

DO  10  i= i , 4 , 1 
CA (I ,T)=C (T) *M(I,T)/1 00. 0 
DA (I ,T)=D(T) *H  (I ,T)/100.Q 
10  CONTINUE 
DO  20  T= 1 , N , 1 

IF(D(T) .LT.C(T) ) C(T)=D(T) 

IF(D(T) .GE.C(T) ) C (T) =C (T) 

IT (D(T)  .G^.C(T) ) D (T+1 ) =D  (T+1 )+ (D (T)-r(^)  ) 

20  CONTINUE 

DO  3 0 ?=1  , ;j , 1 

DO  30  1 = 1 ,4,1 

IF(D(T) .LE.C(T))  R=0 

IF  (D(T) .LE.C(t) ) GOTO  30 

IF (D (T) .GT.C(T))  R=D(T)-C(T) 

RDA  (I,  T+1  )=R*.rl(I,T)/100.  0+DA(I,T+1  ) 

'1(1, T+1  )=RDA(I  ,7+1  >/D(o,+1  >*100.o 
R=0 

3?  CONTINUE 
CRT=0 

DO  40  T= 1 , N, 1 
CP/"=CET+C  (”) 

40  CONTI  in: 

DISPLAY'  ' 

DISPLAY'  ' 

IF(TD.OT.CRT)  DISPLAY' THE  RUN’./AY/TAXINAY  SYSTEM  IS  GCVT'RFNED 


N 10SSING  CAPACITY ' 

1 IF(TD.LE.CRT)  DISPLAY  ' TliE  RUNWAY  /TAN  I NAY  SYSTEM  IS  n-0'7' 

C Ci  J5  AC  IT  Y ' 

DISPLAY'  ' 

7 DISPLAY 'TliE  CONDI  NED  CAPACITY  OF  A RUNWAY  AND  SYSTEM  OF  Error*? 

1 , CRT , ' OPERATIONS  PNF  HOUR. ’ 

1 DISPLAY  'TEE  DEMAND  ON  EACH  EXIT  IS:' 
no  7+  t=i,;j,i 


T1H" 


’P  DV  r+TTr*  T>T* 
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Report  No.  FAA-RD-76-128 
Book  1 


MODEL  USERS'  MANUAL  FOR 
AIRFIELD  CAPACITY  AND  DELAY  MODELS 


Introduction 


Book  1 of  "Model  Users’  Manual  for  Airfield  Capacity  and  Delay 
Models"  FAA-RD-76-128  was  released  in  November  1976.  User 
experience  over  the  last  6 months  has  resulted  in  changes  and 
additions  to  several  of  the  models  contained  in  that  report: 
i.e..  Delay  Simulation  Model,  On-line  Annual  Delay  Model  and 
Batch  Annual  Delay  Model.  This  document  updates  the  user 
instructions  contained  in  the  Model  Users'  Manual,  Book  1. 


Text  Changes 

Delete  and  add  new  pages: 

• 9/10,  11/12,  13/14 

• 101/102,  103/lOU,  J9/U0,  111/112,  113/114,  115/116, 

123/124,  125/12 

• 165/166,  169/17  . 171/172 

• 189/190 

Text  Additions 

• 91/92 

• 126a 

• l60a 

• 182a  through  182m 


Release  April  22,  1°77 


o.  Batch  Capacity  Model.  The  expression  "Batch  Capacity 
Model"  is  used  to  refer  to  all  runway  capacity  models  plus  the 
taxiway  and  gate  models.  It  is  called  "batch"  because  inputs 
to  the  model  are  normally  made  on  IBM  cards  via  a card  reader. 

p.  Runway  Capacity  Model.  The  expression  "runway 
capacity  model"  is  used  to  refer  to  all  models  that  compute 
hourly  runway  capacity;  i.e.,  single  runway  model,  two  parallel 
runway  model,  two  intersecting  runway  model,  etc. 

q.  On-line  Model.  This  expression  describes  the  process 
of  using  a teletype  timesharing  terminal  with  a computer 
generated  question  and  answer  tutorial  program. 


1.4  Model  Overview 

The  FAA  has  developed  a series  cf  computer  models  for  the 
analysis  of  the  airside  cf  an  airport.  These  models  can  be 
used  to  determine  the  capacity  and  delay  on  airports,  and  to 
study  the  fine-grain  sensitivity  cf  capacity  and  delay  to 
variations  of  airport  specific  conditions. 

Two  types  of  models  are  available: 

a.  Analytic  Models;  i.e.,  closed  form  equations. 

b.  A Critical  Event  Simulation  Model;  i.e.,  a computer 
representation  of  time  ordered  events. 

Analytic  models  were  developed  to  determine  the  hourly  capacity 
of  individual  airfield  components — the  runways,  the  taxiways 
and  the  gates.  Capacity  submodels  were  developed  for  over  100 
runway  use  configurations.  One  model  was  developed  for 
determining  the  hourly  capacity  of  a taxiway  crossing  a runway. 
One  model  was  developed  for  estimating  gate  capacity.  These 
models  calculate  capacity  as  the  inverse  of  the  average  service 
time  for  all  aircraft  being  served.  For  example,  if  it  takes 
an  average  of  45  seconds  for  aircraft  to  be  "served"  on  a 
runway,  the  capacity  of  the  runway  equals  one  aircraft 
operation  per  45  seconds,  or  80  operations  per  hour.  These 
models  treat  runways,  taxiways,  and  gates  as  independent 
elements. 

Analytic  models  have  also  been  developed  for  determining  Annual 
Service  Volume  and  Annual  Delay.  The  Annual  Service  Volume 
Model  computes  the  product  of  the  weighted  average  hourly 
capacity,  hourly  peaking  factor  and  daily  peaking  factor.  The 
Annual  Delay  Model  computes  delay  for  each  representative  hour 
of  the  year  and  produces  a weighted  average  annual  delay  per 
operation  based  on  input  values  of  weather  and  capacity 
distributions. 
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The  Delay  Simulation  Model  was  developed  to  determine  delay  per 
aircraft,  travel  time,  and  flow  rate  information.  The  model 
simulates  the  movement  of  aircraft  from  the  entry  gate  of  the 
common  approach  path  to  the  apron  gates,  and  from  the  apron 
gates  to  takeoff.  It  treats  the  airfield  components  as 
integrated  parts  of  a system.  It  is  a critical  events  model 
that  employs  Monte  Carlo  sampling  techniques.  Because  of  the 
modular  structure  of  the  model,  the  total  airfield  or  its 
individual  components  can  be  analyzed  by  manipulation  of  the 
model  inputs. 

Both  the  Batch  Capacity  Model  and  the  Delay  Simulation  Model 
can  be  used  to  analyze  the  capacity  of  an  airport.  Figure  1-3 
provides  an  overview  comparison  the  model  logic  for  the  Batch 
Capacity  Model  and  the  Delay  Simulation  Model.  Generally,  the 
Delay  Simulation  Model  is  more  versatile,  provides  more  input 
detail,  and  is  more  system  oriented  than  the  Batch  Capacity 
Model.  However,  substantially  more  time  is  required  to  develop 
inputs  for  the  Delay  Simulation  Model  and  much  greater  computer 
capacity  is  required. 

On-line  models  were  developed  to  work  in  conjunction  with  the 
Batch  Capacity  Model,  Annual  Delay  Model  and  to  compute  Annual 
Service  Volume.  The  On-line  Runway  Capacity  Model  is  a 
tutorial  program  with  stored  data  that  accesses  the  Batch 
Capacity  Model  to  compute  capacity.  The  model  logic  (i.e. , 
equations)  for  the  On-line  Runway  Capacity  Model  and  the  Batch 
Capacity  Model  are  identical.  The  On-line  Annual  Delay  Model 
is  a special  adaptation  of  the  Annual  Delay  Model.  The  full 
input  capability  of  the  Annual  Delay  Model  is  available  through 
the  On-line  Annual  Delay  Model.  However,  the  distributions  of 
capacity,  demand  and  weather  are  in  fixed  intervals;  i.e., 
monthly,  daily,  hourly,  VFR,  IFF  and  PVC.  As  an  option,  stored 
data  can  be  called  for  some  parameters.  The  Annual  service 
Volume  Model  is  only  available  in  a tutorial  on-line  model.  No 
built  in  data  is  available. 


1.5  Model  Availability 

Th'  models  described  in  this  r■-por*  ar  available  for  airport 
planning.  A magnetic  tape  containing  the  Ba'ch  Capacity  Model, 
Delay  Simulation  Model,  On-line  Annual  Dr'lav  Model,  Batch  Annual 
D«lay  Model  and  the  Routing  Data  Pro-Processor  for  the  D-  lav 
Simulation  Model  along  with  example  probl-me  may  be  purchased 
from: 

National  Technical  Information  Service 
Attn:  Order  D>=sk 

5285  Port  Royal  Road 
Springfield,  VA  22l6l 

The  program  name  is:  FAA  Airport  Capacity  and  Delay  Models 

'Report  No.  FAA-RD-77-1+5>  dated  April  1977).  Magnetic  tapes 
are  available  in  9 track,  800  bpi  recording  modes. 
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In  addition,  copies  of  this  magnetic  tape  may  be  borrowed  from: 

Chief,  Airport  Design  Branch,  ARD-410 
DOT/FAA 

2100  Second  Street,  S.W. 

Washington,  D.C.  20950 

(202)  426-3685 

on  an  "as  available"  basis. 


1.6  Configuration  Control 

Configuration  control  is  being  exercised  by  the  FAA  over  the  models 
contained  in  this  report.  This  is  for  the  purpose  of  documenting 
changes  and  extending  model  capabilities.  The  following  are  valid 
programs  as  of  April  1977: 

Batch  Capacity  Model  Version  5a 
Delay  Simulation  Model  Version  2f 
Batch  Annual  Delay  Model  Version  lb 
On-line  Runway  Capacity  Model  Version  2 
On-line  Annual  Service  Volume  Mod^l  Version  1 
On-line  Annual  Delay  Model  Version  1 (.Tan. 1977) 


1.7  computer  Requirements 

All  the  computer  programs  referenced  in  this  report  are  written 
in  a basic  form  of  FORTRAN  IV  and  should  be  readily  useable  on 
any  FORTRAN  compatible  computer.  The  following  table  defines 
the  approximate  core  requirements  for  each  program. 

Model Core  Requirement 

Batch  Capacity  210k  bytes 

Model  Version  5 

Delay  Simulation  490k  bytes 

Model  3 

Annual  Delay  Version  1 30k  (octal)  on  CDC  CYBER  74 


1.8  References 


a . Procedures  for  Determination  of  Airport  Capacity , 

FAA-RD-73-1 11,  Volumes  I and  II,  April  1973,  Interim 
Report,  Phase  I 

This  report  discusses: 

(1)  The  results  of  a user  survey  on  what  an  airport 
capacity/delay  determination  report  should 
contain. 
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(2)  The  data  collection  effort  conducted  in  the 
Fall  of  1972. 

(3)  The  model  logic  concepts  for  the  analytical 
capacity  model. 

(4)  The  model  logic  concepts  for  the  Delay 
Simulation  Model. 

b.  Techniques  for  Determining  Airport  Capacity  and 
Delay.  FAA-RD-74-1 24,  dated  June  1976 

This  report  discusses: 

(1)  An  hourly  capacity  determination 
procedure  via  curves. 

(2)  An  approximate  hourly  delay  determination 
procedure  via  curves. 

(3)  The  tutorial  computer  programs  for 
determining  runway  capacity  and  annual  delay 
discussed  in  this  report. 

(4)  Manual  calculation  of  Annual  Service 
Volume. 

c.  Technical  Report  on  Airport  Capacity  and  Delay  Studies, 
FAA-RD- 76-153  dated  June  1976 

This  report  discusses: 

(1)  Capacity  and  simulation  model  logic. 

(2)  The  validation  of  the  capacity  and 
simulation  model. 

(3)  Issues  related  to  the  production  of 
simplified  capacity  and  delay  curves. 

d.  Supporting  Documentation  for  Technical  Report  on 
Airport  Capacity  and  Delay  Studies.  FAA-RD-76-162, 
dated  June  1976 

This  report  discusses: 

(1)  Runway  Capacity  Model  inputs  for  O'Hare 
validation. 

(2)  Capacity  Model  inputs  for  handbook  produc- 
tion. 

(3)  Description  of  inputs  for  the  On-line 
Runway  Capacity  Model. 
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(4)  Description  of  inputs  for  the  On-line 
Annual  Delay  Model. 

e.  A Model  of  the  Airfield  Surface  System. 

D.  Maddison,  ITTE,  University  of  California,  Berkeley, 
April  1970 

f.  FAA  Technical  Reports  of  Airport  Capacity  and  Aircraft  Delay, 

A/C  150/5060- 

This  Advisory  Circular  announces  the  availability  of  the  models 
described  in  this  Model  Users'  Manual  for  airport  planning.  It 
states  that  these  models  may  be  used  as  an  alternative  to 
"Airport  Capacity  Criteria  Used  in  Preparing  the  National  Airport 
Plan"  A/c  150  506O-IA  ("red  book")  to  compute  Airport  Capacity 
and  Delay  for  the  Planning  Grant  Program  (PGP)  and  Airport 
Development  Aid  Program  (ADAP). 
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Types  of  Aircraft: 

Small  single-engine  aircraft 
weighing  12,500  lbs.  or  less 
(e.g.,  PA18,  PA23,  C180,  C207) 

Small  twin-engine  aircraft 
weighing  12,500  lbs.  or  less 
and  Lear  jets  (e.g.,  BE31,  BE55, 

BE80,  EE99,  C310,  C402,  LR25) 

Large  aircraft  weighing  more  than 
12,500  lbs.  and  up  to  300,000  lbs.  (e.g., 
CV34,  CV58,  CV88,  CV99,  DC4,  DC6 , DC7 , 

L188,  L49,  DC8-10,  20  series,  DC9, 

B737,  B727,  B720,  B707-120,  BA11,  S210) 

Heavy  aircraft  weighing  more  than 
300,000  lbs.  (e.g.,  L1011;  DC8-30,  40 
50,  60  series;  CC10;  B707-300  series;  B747; 
VC10;  A300;  Concorde;  IL62) 


For  aircraft  type  designation,  see  FAA  Order  No.  7340. IE 
with  changes. 

Weights  refer  to  maximum  certificated  gross  take-off 
weight. 

Heavy  Jet  aircraft  are  capable  of  300,000  pounds  or  more 
whether  or  not  they  are  operating  at  this  weight  during 
a particular  phase  of  flight.  (Reference:  FAA  Handbook 

7110.8D  with  changes.) 


NOTE:  These  aircraft  classifications  generally  follow  the 

TERPS  categorization.  It  does  not  follow  the  previous 
categorization  used  in  AC150/5060-1A  "Airport  Capacity 
Criteria  Used  in  Preparing  the  National  Airport  Plan"; 
i.e.,  the  "red  book." 


FIGURE  1-1 


AIRCRAFT  CLASSIFICATION 


For  single  and  dependent  runways,  priority  between  arrival 
operations  for  use  of  the  common  approach  path  is  determined 
by  their  event  time  (minute  and  hundreth  of  a minute) . The 
event  time  is  the  sum  of  the  input  schedule  arrival  time  and 
delay  imposed  from  other  aircraft. 

The  Delay  Simulation  Model  will  permit  simultaneous  arrivals 
on  close  spaced  parallel  runways  unless  a small  or  large 
aircraft  trails  a heavy  aircraft.  In  this  case,  the  small  or 
large  aircraft  is  sequenced  behind  the  heavy  aircraft  with  a 
separation  assigned  by  the  model  inputs  that  reflect  wake 
turbulence  separation. 

Departures  have  second  priority  for  use  of  the  runways. 

Before  a departure  is  permitted  to  occupy  the  runway  and  take 
off,  the  following  checks  are  made: 

a.  The  runway  is  not  occupied  by  an  arrival  or 
previous  departure. 

b.  The  specified  separation  exists  between  the 
departure  and  the  next  arrival  on  the  takeoff  or  dependent 
runway . 


c.  The  specified  separation  exists  between  the 
departure  and  the  previous  departure  on  the  takeoff  or  depen- 
dent runway. 

For  dependent  runways,  priority  between  departure  operations 
for  use  of  the  runways  is  determined  by  the  time  they  arrive 
at  the  departure  end  link  and  by  conformance  with  the 
specified  air  traffic  control  separations.  For  example,  if  a 
departure  on  one  runway  cannot  be  cleared  because  of  air 
traffic  control  separations,  the  model  checks  to  see  if  a 
departure  on  the  dependent  runway  could  be  cleared. 

Runway  crossings  have  the  lowest  priority  for  use  of  the 
runway.  A runway  crossing  can  occur  if: 

a.  The  runway  is  not  occupied  by  an  arrival  or 
departure. 

b.  No  departures  are  waiting  to  use  the  runway. 

c.  The  aircraft  can  cross  the  runway  before  the 
arrival  comes  over  the  threshold. 

The  model  will  permit  multiple  aircraft  to  cross  the  runway 
between  arrival  or  departure  operations.  If  a runway  is 
operating  at  capacity,  it  will  be  very  difficult  to  cross  the 
runway.  The  arrival  or  departure  must  be  clear  of  the  runway 
before  the  taxiing  aircraft  can  cross  the  runway. 


4.  2.  4 Aircraft  Descriptions 

Four  classes  (or  types)  of  aircraft  can  be  identified  with 
the  Delay  Simulation  Model.  A recommended  set  is: 


Type 

Number 

Class 

Letter 

Description 

1 

D 

Heavy  jet;  B747,  DC10,  L1011, 
DC8-61,  B707-3 

2 

C 

Large 

aircraft;  B727,  B737,  DC-9, 

CV58 

3 

B 

Small 

twin-engine  aircraft;  BE99, 

LR2  5 

4 

A 

Small 

single-engine  aircraft;  Cl 50 

, BE23 

Aircraft  are  identified  to  the  model  by  their  type  number. 

In  general,  any  definition  of  aircraft  classes  is  possible 
subject  to  the  constraint  that: 

type  1 aircraft  are  larger  than  type  2, 

type  2 aircraft  are  larger  than  type  3,  and 

type  3 aircraft  are  larger  than  type  4, 

This  condition  is  necessary  for  the  gate  logic  where  it  is 
assumed  that  an  aircraft  can  use  a gate  for  its  type  number 
or  of  a lower  type  number. 

While  an  aircraft  is  being  moved  within  the  model,  it  is 
assigned  a status  as  listed  below. 
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Description 
Not  Arrived 
Queued 

On  Way  to  Gate 
In  Gate 

On  Way  to  Takeoff 
Taken  Off 

In  Pushback  from  Gate  to  Takeoff 

In  Holding  Area 

In  Pushback  from  Holding  Area 
to  Gate 


4.2.5  Schedule  of  Operations  fi«e«.  Aircraft  Demand) 

The  schedule  data  consists  of: 

airline  code 
aircraft  type 

scheduled  arrival  time  at  threshold 
scheduled  departure  time  from  gate 
preferred  gate 

arrival  and  departure  runways 

The  scheduled  arrival  times  used  by  the  model  are  arrival  times 
at  the  threshold.  The  input  arrival  time  should  take  into  account 
the  desired  arrival  time  as  reflected  in  the  Official  Airline 
Guide  (OAG)  and  delays  due  to  originating  airport  and  enroute 
airspace.  These  perturbations  from  the  scheduled  arrival  time 
at  threshold  can  be  incorporated  by  applying  a "lateness  distribution" 
to  the  desired  arrival  times. 

The  scheduled  arrival  times  do  not  include  delay:  due  to  airfield 
congestion.  The  time  at  which  an  arrival  is  obs--rv-  I to  cross 
the  threshold  in  actual  operation  includes  delay  due  to  airfi  Id 
congestion  and  therefore  differs  from  scheduled  arrival  t;me. 

The  runway  use  strategy  is  determined  by  the  designation  of 
arrival  and  departure  runways.  For  multiple  runwav  geometries, 
the  user  should  make  an  effort  to  decide  which  runway  an  r-‘ra* 
would  use  based  on  the  origin  or  destination  of  the  sircrafl . 


Aircraft 

State 

Number 

0 

1 

2 

3 

4 

5 

6 

7 

8 
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General  aviation  aircraft  do  not  follow  fixed  arrival  or  departure 
scheduler.  On-  approach  in  determining  when  to  schedule  general 
aviation  demand  during  an  hour  is  to  randomly  distribute  the  general 
aviation  d mand  ivpr  the  hour  in  accordance  with  a standard  probati  l : ' ;.r 
function. 

At  the  beginning  of  each  run,  the  model  assumes  that  no  aireraff 
are  on  th  airfield.  Traffic  begins  to  build  up  on  the  airfield 
according  to  the  aircraft  schedule.  It  is  recommended  that  a+ 
least  the  first  hour  of  a run  be  used  to  impose  an  initial  load 
on  the  airfield  system. 

4.2.6  Airport  Geometry 

The  geometry  of  the  airport  is  entered  into  the  model  in  the 
form  of  a series  of  numbers  from  a "link-node  diagram. " 

Figure  4- la  illustrates  an  airfield  geometry  containing  two 
parallel  runways.  Figure  4- 1b  is  a link-node  diagram 
developed  from  this  geometry.  The  technique  is  to  break  the 
taxiway  network  into  a series  of  numbered  links.  Link  length 
should  not  be  shorter  than  the  length  of  the  largest  aircraft 
using  the  taxiway.  The  link-node  diagram  assists  in  defining 
paths  from  runway  to  gates  or  holding  areas,  and  from  gates 
to  runways. 

The  following  relates  to  the  development  of  a link-node 
diagram: 

a.  The  model  treats  an  active  runway  as  a single  link. 
Funways  that  are  only  used  as  taxiways  can  be  divided  into 
links. 

b.  A runway  can  only  have  one  departure  end  link. 

c.  Runway  exits  cannot  be  defined  as  departure  end 
links.  (If  they  are,  the  arrival  will  land,  exit  and 
immediately  take  off.) 

d.  Even  if  identifiable  holding  areas  (or  penalty 
boxes)  do  not  physically  exist  on  the  airport,  some  provision 
should  be  made  for  holding  areas  on  the  airfield  in  the  link- 
node  diagram.  This  would  account  for  the  ability  to  hold 
aircraft  on  taxiways. 

e.  Two  basic  kinds  of  taxiway  intersections  can  be 
modeled;  i.e.,  Y and  link-node.  A Y intersection  is  one  at 
which  all  the  links  coming  into  the  intersection  are 
directional.  This  is  illustrated  in  Figure  4-2  (a).  A link- 
node  intersection  allows  opposing  traffic  to  approach  the 
intersection  and  continuing  in  a common  direction.  A link- 
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Approach  Speed 

Touch-and-Go  Runway  Occupancy  Time 

Exit  taxiways  are  selected  according  to  an  input  empirical 
distribution  of  exit  utilization  percent  by  aircraft  class. 
This  distribution  defines  the  percent  of  each  aircraft  class 
that  will  use  each  exit. 

Values  for  the  following  parameters  are  considered  to  be 
equal  to  the  mean  value: 

Length  of  Common  Approach  Path 
Arrival  Runway  Occupancy  Time  Per  Exit 
Taxiway  Velocity 


4.3  Input  Format 

The  following  general  instructions  apply  to  preparing  inputs 
to  the  Delay  Simulation  Model: 

1.  Data  entry  requires  two  or  more  cards  depending 
on  data  type;  i.e.. 

Header  Card;  e.g.,  TITLE 

Data  Card (s) ; e.g.,  LAX  DELAY  ANALYSIS. 

2.  The  header  cards  have  to  be  exactly  as  given 
on  the  coding  form. 

3.  There  is  no  fixed  sequence  for  groups  of  header/ 
data  cards  except  that: 

RWY  NO.  OF  must  precede  RWY  NAMES  and 
RWY  END  LINKS 

AIRLINE  NAMES  must  precede  AIRLINE  GATES 

A/C  SCHEDULE  must  precede  A/C  SERVICE  TIMES, 
A/C  APPROACH  SPEEDS  and  AIRLINE  NAMES 

4.  Multiple  runs  can  be  made  with  one  stack  of  cards. 
Place  replacement  header/data  cards  after 

the  COMPUTE  card  for  the  first  run. 

5.  Normally,  the  user  will  specify  FA  (or  FALSE)  for 
print  options  1,  2 and  3.  Print  option  4 has  been 
set  as  TRUE  in  the  model  code.  It  is  recommended 
that  print  option  5 be  entered  as  FA  (or  FALSE) . 

If  print  option  5 is  TR,  the  model  will  stop  if 
two  aircraft  meet  nose-to-nose  on  a taxi way.  If 
print  option  5 is  FA,  the  model  will  print  a 
warninq  message  if  this  situation  occurs  and  allow 
the  run  to  complete.  Print  option  6 should  be 
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entered  as  FA  unless  detailed  queue  information 
is  desired. 

The  normal  model  outputs  (delay,  travel  time  and  flow- 
rate statistics)  are  automatically  printed  for  every 
run. 


6.  The  model  will  first  try  to  assign  an  aircraft  to 
its  preferred  gate.  If  that  gate  is  occupied,  it 
will  try  to  assign  the  aircraft  to  a gate  of  the 
appropriate  airline  that  can  accommodate  the 
aircraft  size.  Since  class  C aircraft  can  use 
gates  for  C or  D type  aircraft,  it  is  advisable 
to  enter  the  gate  numbers  on  the  AIRLINE  GATES 
card  in  the  order  of  those  used  only  by  large 
aircraft;  i.e. , those  used  by  class  C and  class  D 
aircraft,  followed  by  those  used  (only)  by  class  D 
aircraft.  The  sam^  gate  can  be  assigned  to  two  or  mor«  airlln- 
However,  only  one  aircraft  can  occupy  a given  gate. 

7.  The  model  as  programmed  in  Version  2 accommodates 
up  to  the  following  array  sizes.  The  array  sizes 
can  easily  be  increased  in  the  program  DIMENSION 
statements  if  more  flexibility  is  required. 

a)  four  active  runways 

b)  four  aircraft  types 

c)  19  airlines 

d)  Simulated  run  times  of  24  hours 

e)  599  links 

f)  1400  paths 

q)  28,000  items  in  path  descriptions 

h)  20  one-way  paths 

i)  25  links  in  any  one-way  path 

j)  10  general  aviation  gate  areas 

k)  19  gates  per  airline 

l)  4 holding  areas 

m)  10  runway  crossing  links 

n)  200  runway  exits 

o)  10  random  number  seeds  per  run 
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8.  Routing  Path  Data: 


a)  Routes  are  required  from: 

exits  to  gates 

exits  to  basing  areas 

exits  to  holding  areas 

holding  areas  to  gates 

gates  to  departure  end  links 

basing  areas  to  departure  end  links 

b)  Taxiway  routes  are  defined  as  a series  of 

connecting  links.  Links  can  be  of  any  length. 
Usually,  the  length  of  a link  is  deter- 
mined such  that:  (1)  it  can  hold  the 

longest  aircraft  expected  to  use  the  route, 
and  (2)  the  sum  of  the  link  lengths  equals 
the  length  of  the  taxiway  section. 

c)  A runway  is  not  divided  into  links. 

d)  A runway  can  only  have  one  departure  end  link. 
Departure  end  links  are  associated  with  run- 
ways by  the  sequence  in  which  they  are  entered 
on  the  RUNWAY  END  LINKS  card;  i.e.,  the  end  link 
in  cc  1-8  is  assigned  to  Runway  1,  cc  9-16 

is  assigned  to  Runway  2,  etc. 

e)  A departure  end  link  cannot  also  be  an 
exit  link. 

f)  Multiple  aircraft  can  be  parked  in  one  holding  area.  Holding 
areas  are  assigned  by  runway.  The  first  holding  area  is 
airigned  to  the  first  runway,  the  second  holding  area  is 
assigned  to  the  second  runway,  etc.  All  aircraft  can  use  a 
common  holding  area,  if  desired,  by  assigning  each  runway  to 
the  same  holding  area . 

q)  Do  not  enter  two  gate  links  on  a route; 

e.g.,  if  links  1 and  6 are  defined  as  gates, 
do  not  enter  a route  like  100  99  98  20  19 
6 18  17  1. 

h)  A runway  crossing  link  is  the  link  just  before 
the  runway  to  be  crossed.  The  link  that 
crosses  the  runway  should  be  long  enough  to 
insure  adequate  clearance  before  and  after 
the  aircraft  crosses  the  runway. 

i)  Link  numbers  can  only  range  from  1 to  600. 

9.  One-way  Path  Data: 

a)  A link  can  be  part  of  many  one-way  paths. 

b)  a series  of  links  in  a path  can  be 
determined  to  be  non-direct ional  if  they 
are  used  in  another  path  in  reverse  order; 
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e.g.,  if  Path  10  consisted  of  links  1 2 
20  2J  203  and  path  57  consisted 

of  links  20b  25  2<t  2 3 22  21  20  99 
100,  links  20  21  22  are  non-directional. 

Further  analysis  may  be  necessary  to  determine 
tne  comple  e set  of  non-directional  link#s  on 
this  taxitoay. 

c)  If  a series  of  links  are  found  to  be  non- 
directional  (see  above),  two  one-way 

paths  are  required  unless  the  series  of  links 
is  the  taxiway  feeding  a series  of  gates. 

For  example,  if  links  20  21  22  23  24  and  25  are 
found  to  be  a continuous  set  of  non-directional 
links,  the  required  one-way  paths  are: 

, 20  21  22  23  24  25  and 

25  24  23  22  21  20 

If  a series  of  non-directional  links  is  the 
taxiway  feeding  a series  of  gates,  a one-way 
path  is  required  from  the  entrance  to  the  end 
of  the  one-way  path.  This  one-way  path 
will  serve  as  the  pushback  one-way  path 
for  each  gate. 

d)  Aircraft  may  not  enter  or  exit  the  middle 
of  a one-way  path  except  to  enter  or  push- 
back  from  a gate.  If  a one-way  path  serves 

a series  of  gates,  aircraft  can  only  enter  the 
one-way  path  at  one  end.  Examples  of  one-way 
path  geometry  and  input  data  are  shown  in 
Figure  4-4. 

e)  A series  of  links  that  form  a one-way  path 
cannot  be  input  as  two  or  more  one-way  paths 
to  avoid  the  25  link  limit  on  the  number  of 
links  composing  a one-way  path. 

10.  Schedule  Data: 

a)  All  departures  which  originate  at  a gate  should  he  scheduled 
at  the  beginning  of  the  run  time.  Otherwise,  the  situation 
can  exist  whereby  two  departures  may  be  occupying  the  same 
gate,  or  an  arrival  may  not  be  able  to  occupy  the  gate  reserved 
for  it  upon  landing  which  would  result  in  a taxiway  lane  being 
permanently  blocked.  A way  to  get  around  this,  if  it  is 
necessary  to  have  a departure  originate  at  a gate,  is  to  first 
schedule  the  operation  as  an  arrival  on  a pseudo  runway  and 
assign  it  the  desired  departure  time. 


b)  Arrival  and  departure  times  are  required  for  through  flights; 
i.e.,  those  which  arrive,  occupy  the  gate  and  depart.  If  a 
departure  time  is  not  given,  the  model  will  select  a departure 
time  based  on  the  gate  occupancy  time. 

c)  Enter  the  basing  area  number  as  the  preferred  gate  of  a general 
aviation  arrival  aircraft.  General  aviation  arrivals  have  no 
departure  time . 

d)  General  aviation  departures  have  no  arrival  time. 

e)  Touch-and-go  operations  require  an  arrival  time  but  no 
departure  time.  Enter  0 for  preferred  gate. 


Aircraft  Separation: 

a)  A set  of  aircraft  separation  matrices  are 
required  for  a single  runway  and  for  all  depen- 
dent runway  pairs. 

b)  Each  set  of  aircraft  separation  matrices  may 
consist  of  individual  matrices  for: 

Arrival-Arrival  Separation  in  nautical  miles 

Departure- Departure  Separation  in  minutes 

Departure-Arrival  Separation  in  nautical  miles 

Arrival-Departure  Separation  in  minutes 

c)  Each  matrix  contains  separation  values  (i.e., 
mean  and  standard  deviation)  for  given  lead 
and  trail  aircraft  type  pairs;  i.e.,  up  to  16 
pairs  of  separation  values. 

d)  Only  those  elements  in  a separation  matrix  that 
are  required  by  the  schedule  data  need  be 
input.  For  example,  if  no  type  1 aircraft  were 
in  the  schedule,  no  separations  involving  type 

1 aircraft  need  be  entered. 

e)  Only  those  separation  matrices  required  by  the 
schedule  data  need  be  input.  For  example,  if 
all  arrival  operations  are  on  Runway  1 and  all 
departure  operations  on  Runway  2 and  Runways 

1 and  2 are  dependent,  departure-arrival  separa- 
tion values  for  Runway  2 on  Runway  1 are 
required  but  arrival-arrival,  departure- 
departure  and  arrival-departure  separations  for 
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Runway  1 on  Runway  2 and  Runway  2 on  Runway  1 
as  well  as  the  departure-arrival  separation  for 
Runway  1 on  Runway  2 are  not  required.  The  full 
set  of  separation  matrices  for  a single  runway 
would  be  required. 

f)  Separation  matrices  for  a single  runway  should 
be  entered  as  Runway  1 on  Runway  1.  This  set 
of  matrices  is  used  for  all  single  runways. 
Therefore,  separation  matrices  for  Runway  2 on 
Runway  2,  Runway  3 on  Runway  3,  etc.  , are  not 
required. 

g)  The  input  arrival-arrival  separation  by  aircraft 
pair  SEPAR (I , J)  can  be  determined  from  observed 
separations  over  threshold  as  follows: 

IF  VI  VJ: 

SEPAR  (I, J)  = OTS  (I,J)  x VJ/60 
IF  VI  VJ; 

SEPAR  (I,  J)  = OTS  (I,J)  - (60  X GJ  x FV) 
where 

VI  = velocity  of  lead  arrival  in  nautical 
miles 

VJ  = velocity  of  trailing  arrival  in 
nautical  miles 

OTS  (I,J)  = observed  time  separation  over 
threshold  between  aircrafts  I and 
J in  minutes 

GJ  = length  of  common  approach  path  tor 
the  trailing  arrival. 

FV  = - J_ 

VI  VJ 

The  input  arrival-arrival  separation  for  the 
Runway  Capacity  Model  is  related  to  the  input 
arrival-arrival  separation  for  the  Delay  Simu- 
lation Model  by  the  equation: 

SEPAR  (I,  J)  = DLTA  (I,  J)  ♦ SIGAA(I,J)  x F(PV) 

where 

SIGAA  (I , J)  = standard  deviation  of 

arrival-arrival  separation 
for  aircraft  I and  J in  n.mi. 

F (PV)  = number  of  standard  deviations  to 
be  protected 

12.  Random  number  seeds  should  be  at  least  a four 
digit  number;  e.g.,  3001. 
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13.  A pre-processor  is  described  in  Appendix  E for 
preparing  routing  data  inputs.  Use  of  this 
pre-processor  will  substantially  reduce  the  effort 
required  to  prepare  routing  inputs. 

14.  sample  job  control  cards  are  shown  in  Figure 

4-5.  NOTE:  The  schedule  data  must  be  read 

from  a previously  created  file  NU2  on  unit  8. 
However,  the  header  card  AIRCRAFT  SCHEDULE  must 
go  with  the  bulk  data. 

15.  Data  which  is  to  be  entered  in  decimal  format 
can  be  placed  any  where  in  the  indicated  card 
columns.  Data  which  is  entered  in  integer 
format  must  be  right  justified.  Data  which  is 
entered  in  alphanumeric  format  must  be  left 
justified. 

The  following  is  a description  of  how  to  prepare  inputs 
for  the  Delay  Simulation  Model  Version  2.  A sample  input 
form  illustrating  this  information  is  shown  in  Figure  4-6. 

(LJ)  = Left  Justified 
(RJ)  = Right  Justified 
cc  = Card  Column 


DATA  TYPE 

DESCRIPTION 

1 Title 

cc 

1-5 

"TITLE" 

cc 

1-80 

Any  Heading  Data 

2 Random  Number  Seeds 

cc 

1-19 

"RANDOM  NUMBER  SEEDS” 
(LJ) 

cc 

1-8 

Number  of  random 
number  seeds  (RJ) 

cc 

1-80 

Up  to  10  random 

number  seeds,  1 every 
8 cc  (integer)  (RJ) 


3 Start  & Finish  Times 


cc  1-19  "TIMES (START, FINISH)  " 

cc  4-5  Starting  hour  (integer) 
(RJ) 

cc  7-8  Starting  minute 
(integer)  (RJ) 


cc  12-13  Finishing  hour 
(integer)  (RJ) 
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cc 

4 Print  Options  cc 

cc 

cc 

cc 

cc 

cc 

cc 

cc 

5 Number  of  Runways  cc 

cc 

6 Runway  Names  cc 

cc 

7 Departure  Runway  End 

Link  Numbers  cc 

cc 

8 Runway  Crossing  Links  cc 

cc 

cc 

cc 
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15-16  Finishing  minute 
(integer)  (RJ) 


1-13  "PRINT  OPTIONS" 

162  ("TR"  or  "FA")  Option  1 

Detail  Aircraft  Movement 

9610  ("TR"  or  "FA")  Option  2 

Debugging  Statements 

17618  ("TR"  or  "FA")  Option  3 
Hourly  Data  for  Each 
Seed 

25626  ("TR"  or  "FA")  Option  4 
Warning  Messages 

33634  ("TR"  or  "FA")  Option  5 
aircraft  nose  to  nose 

41642  ("TR"  or  "FA")  Option  6 
queuing  statistics 

47&48  ("TR"  or  ”FA”) 

Option  7-  Omit 
printing  of  taxiway 
link  data  and  routing 
data . 


1-11  "RWYS  NO.  OF" 

1-8  Number  of  runways, 
(integer)  (RJ) 


1-9  "RWY  NAMES" 

1-80  Runway  names,  1 every 
8 cc  (LJ) 


1-13  "RWY  END  LINKS" 

1-32  End  link  numbers 

(integer) , 1 every 
8 cc  (RJ)  (up  to  4) 


1-14  "RWY  XING  LINKS" 

1-80  Any  header  data 

1-8  Runway  number  (integer) 
(RJ) 

9-16  Crossing  link  number 


cc  25-32  Aircraft  class  (inte- 
ger) (RJ) 


cc 

cc 

cc 

cc 

cc 

cc 

27  General  Aviation  cc 

cc 

cc 


36637  Arrival  time  at  the 
threshold,  hours 
(integer)  (RJ) 

39640  Arrival  time,  minutes 
(integer)  (RJ) 

44645  Departure  time  from  the 
gate,  hours  (integer) 
(RJ) 

47648  Departure  time,  minutes 
(integer)  (RJ) 

49-56  Landing  runway  number 
(integer)  (RJ) 

57-64  Departure  runway  number 
(integer)  (RJ) 


1-16  "G/A  HOLDING  AREA" 

1-8  Number  of  general 
aviation  holding 
areas  (integer)  (RJ) 

1-80  General  aviation 

holding  area  link 
numbers,  one  every 
8 card  columns 
(integer)  (RJ) 


28  Processing  Options 

Several  processing  options  are  available: 

CC  1-16  "PRINT  INPUT  ONLY" 

This  will  cause  a printout  of  all  the  input  data  in  the 
memory  at  that  time.  This  capability  provides  the  option 
of  data  checking  before  running  the  model. 

cc  1-7  "COMPUTE" 

This  will  cause  a computation  or  model  run  using  the 
most  recently  input  set  of  data.  This  card  may  be 
followed  by  any  other  data,  which  would  be  followed  by 
another  "COMPUTE"  card.  This  card  provides  the 
facilities  of  batching  different  sets  of  data  in  one 
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program  run.  For  example,  a user  could  input  initial 
data,  compute,  input  different  gate  service  lines, 
compute,  input  different  separations  and  different 
runways,  compute,  etc.,  all  in  one  computer  run.  Each 
"COMPUTE”  card  will  result  in  all  data  being  printed 
and  the  model  run  against  that  data. 

It  is  recommended  that  initially  only  one  random 
number  seed  be  used  till  all  coding  errors  have 
been  removed  from  the  input  cards.  This  will  minimize 
cos«-s  associated  with  debugging  the  inputs. 

29  Completion  of  Run 

The  last  input  card  is: 

cc  1-4  "STOP" 


30  Lateness  Distribution  cc  1-25  A/c  "LATENESS  DISTRIBUTION" 

cc  1 - " Number  of  pairs  of  Cumu- 
lative Probability  & late- 
ness (integer)  (RJ) 

cc  1-90  Pairs  of  Cumulative 

Probability  & Lateness  in 
minutes  (decimal).  One 
pair  every  16  cc.  Nega- 
tive numbers  mean  th>- 
aircraft  is  early. 

4. 4 Output 

The  normal  output  of  the  Delay  Simulation  Model  is  the  average 
delays , flow  rates  and  travel  times  for  the  number  random 
number  seeds  specified.  The  normal  output  includes: 

Listing  of  input  data 

Flow  rates  (and  aircraft  mix) 
for  each  hour  of  the  run 

by  location  on  the  airport 

o Runway 
o Taxiway 
o Ga  te 

by  arrival,  departure  and  touch-and-c 


124 


Average  delay  per  all  operations 
for  each  hour  of  the  run 

by  location  on  the  airport 

o Runway 
o Taxiway 
o Gate 

o Runway /Taxi way  Crossing  Points 


by  arrival  & departure  for  total  airfield 


Total  delay 

for  each  hour  of  the  run 
for  all  hours  of  the  run 

by  location  on  the  airport 


o Runway 
o Taxiway 
o Gate 

o Runway/Taxiway  Crossing  Points 
by  arrival  & departure  for  total  airfield 


Total  travel  time 

for  each  hour  of  the  run 
by  runway 

by  arrival  and  departure 

Average  delay  per  link 
by  taxi-in 
by  taxi-out 


NOTE:  The  statistics  for  the  first  hour  represent  a period 

when  the  airfield  goes  from  an  unloaded  to  a loaded  condition. 

The  statistics  for  this  hour  should  be  disregarded. 

The  input  data  is  listed  in  a predetermined  sequence:  i.e.,  it 
may  not  be  listed  in  the  order  the  user  entered.  The  header  cards 
shown  in  the  output  are  different  than  those  required  by  the  input. 

The  format  of  the  output  numbers  is  different  than  that  required 
by  the  input.  The  output  identifies  the  separations  for  a single 
runway  as:  runway  0 on  runway  0.  The  output  of  exit  selection  is  the 

cumulative  probability  for  aircraft  to  use  an  exit  instead  of  the  input 
probability. 

Delay  is  counted  as  each  increment  occurs.  For  example,  if  ar.  air- 
craft starts  to  taxi  to  a gate  at  8:55  and  arrives  at  the  gate  af 
‘:05,  any  delays  that  occur  before  9:00  will  be  part  of  the  c':0C  to 
'•  :n0  taxi-in  delays,  and  the  delays  that  occur  after  9:00  will  be 
part  of  the  9:00  to  10:00  taxi-in  delays.  This  method  of  computing 
average  d-^lay  per  operation  can  result  in  some  distortion  of  the 
average  delay  per  operation  if  large  numbers  of  aircraft  are  being 
b-layed  in  an  hour.  For  this  reason,  total  delay  per  hour  is  a more 
r>  1 iabl-  measure  of  congestion  than  average  delay  per  operation 
during  an  hour. 
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Delay  per  link  Is  only  shown  for  those  links  experiencing  delays. 
Delay  due  to  departure  aircraft  holding  short  of  the  runway  f r 
takeoff  clearance  is  counted  as  departure  runway  delay. 

Optional  output  can  provide  the  above  statistics  for  each  random 
number  se-a.  This  output  is  displayed  in  a format  that  us-s  mod'  1 
variable  names.  Figure  4.3  defines  the  variable  names  used  'r.  this 
optional  output. 

The  Delay  Simulation  Model  can  document  the  step-by- step  movement 
of  each  aircraft  through  the  airport.  .Any  statistic  available  from 
the  model  can  be  obtained  by  analysis  cf  th^  4e+ail  movement  nlpiM  . 
The  forma*  of  the  detail  mov-ni'm*  output  is  giver,  in  Figur-  4-". 

The  Delay  Simulation  Mod-1  will  output  warning  mes sag  f 

th-  following  occur: 

a)  If  delay  on  a link  is  less  than  or  qual  * 

particular  aircraft  , or  if  * h>  a • r *r'-.f* 
is  > o.O  minutes. 

b)  Tf  all  gates  for  a particular  aircraft  - _ 

c)  If  two  aircraft  cane  nose- to-nc- • n ad,'-  ■ nt  1 ! : 

d)  Tf  an  exit  number  does  not  have  an  exit  i ' *a:.'  . 

e)  If  the  probabilities  input  for  RWY  EXIT  fEIFCTTON  d 

not  sum  to  1.0. 

The  D-  lay  Simulation  Model  can  output  arrival  and  u-nartur  re:  v -v 
queuing  data  if  print  option  6 is  exercised.  Th  mod-1  jutput 
provides : 

Runway  Number  Runway  Number  Runway  Numb-  r 

Departure  Qu  ue  Departure  Queue  Arrival  ;ucu< 

Time  Departure  Route  Number  Time 

Time 

From  this  information,  the  average  queue  during  any  period  of  tim- 
can  be  determined. 

Print  option  6 prints  a mes sag- • each  time  two  aircraft  movinr 
laterally  to  each  other  come  nose-to-nose  at  a "T"  intersection. 


This  situation  is  depicted  in  Figure  4-8.  Part  of  the  rout-  for 
aircraft  N (no.  15  in  the  schedule  data)  may  consist  of  links 
3 4 5 36  35.  Part  of  the  route  for  aircraft  K (no.  53  in  the 
schedule  data)  may  consist  of  links  35  36  6 7.  If  i + is  aircraft 
N's  time  to  move,  the  model  will  delay  aircraft  N until  aircraft 
K has  moved  off  link  36.  The  model  could  not  "switch"  the  aircraft 
links  (as  would  be  don-’  on  on-  -way  paths)  b-  eaus<  link  is  no* 
part  of  the  route  for  aircraft  K.  The  model  will  print  +.he  foil  ■win- 
message  : 


for  each  runway  use  configuration  to  the  demand 
for  RU1. 


RU1  thru 
RU10 

RUNID 


Runway  use  configuration  number  1 thru  10. 

A header  label  used  with  title  information. 


TITLE 


HOURPCT 


Any  20  letter  name  identifying  the  run;  e.g., 
NATIONAL  1987  CASE  3 

A header  label  used  with  the  proportion  of 
daily  traffic  in  each  hour;  e.g.,  if  the  daily 
traffic  = 800  and  the  demand  in  hour  HR7  = 60, 
the  proportion  for  HR7  = 0.075. 


HR1  thru 
HR24 


FIGNUMS 


'PRINT 


Hour  12:00  a.m.  - 12:59  a.m.  through  11:00  p.m. 
- 11:59  p.m. 

A header  label  used  with  the  figure  numbers 
given  in  Figure  5-1. 

If  J PR  I NT  = 1,  the  model  will  print  the  ^otal  daily- 
delay  in  hours  for  each  Month-Day-V.’ea ^her-P.unway  Use 
Conf iguration  combination. 

If  IPRTNT  = 0 or  blank,  the  fotal  daily  dela"  will 
not  be  printed . 


5.4  Input  Considerations 

The  following  factors  should  be  considered  in  preparing  inputs 
to  the  Annual  Delay  Model: 

a.  The  sequence  in  which  week  group  proportions  are 
entered  is  not  important.  However,  they  must  be  coordinated 
with  the  annual  weather  distribution. 

b.  The  input  weather  distribution  represents  the 
proportion  of  the  days  where  that  weather  condition  exists  all 
day.  The  proportion  of  the  days  which  are  WEI  or  WE 2 should 
not  include  weather  conditions  which  occur  during  very  low 
demand  periods  of  the  day;  e.g.,  do  not  include  in  this 
proportion  days  during  which  the  bad  weather  only  occurs 
between  10:00  p.m.  and  5:00  a.m. 

c.  The  sequence  in  which  day  group  proportions  are 
entered  has  no  impact  on  annual  delay.  The  important  data  is 
the  magnitude  of  the  numbers.  The  Annual  Delay  Model  assumes 
that  every  week  of  each  month  has  the  same  daily  demand 
distribution. 

d.  The  sequence  in  which  hourly  proportions  are  entered 
is  very  important,  if  demand  exceeds  capacity  for  several 
consecutive  hours  for  some  runway  use  configuration/weather 
combination. 


e.  It  is  recommended  that  only  runway  use  configurations 
that  occur  for  at  least  5%  of  a given  weather  condition  be  con- 
sidered in  the  annual  delay  analysis. 

f.  The  Demand  Profile  Factor  is  defined  as  the  percent 
of  the  hourly  demand  that  occurs  in  the  peak  15  minutes.  To 
consider  the  variations  of  the  Demand  Profile  Factor  from  hour 
to  hour,  input  the  average  Demand  Profile  Factor  for  the  busy 
hours  of  the  day. 

g.  Touch-and-go  operations  do  not  normally  occur  during 
busy  hours  at  commercial  airports.  Touch-and-go  operations 
should  be  excluded  from  the  annual  operations  when  determining 
annual  delay  for  commercial  airports.  If  touch-and-go 
operations  are  included  as  part  of  the  input  for  a general 
aviation  airport,  the  hourly  capacities  should  be  based  on  the 
same  percent  touch-and-go.  The  Annual  Delay  Model  treats 
touch-and-go  operations  as  one  arrival  and  one  departure.  If  a 
runway  use  conf iguraticn  consists  of  one  runway  used 
exclusively  for  touch-and-go  operations  and  one  runway  for 
arrival  and  departure  operations,  the  annual  delay  analysis 
should  be  done  separately  for  each  runway. 


5.5  Output 

The  output  of  the  Annual  Delay  Model  consists  of: 

a)  total  annual  delay  in  hours 

b)  average  d-^lay  per  operation  in  minutes 

c)  standard  deviation  of  average  delay  per  operation  in  minutes 

d)  distribution  of  annual  delay  by: 

month  of  year 
day  of  week 
weather  condition 
runway  use  configuration 

e)  frequency  distribution  of  delay  per  operation 

The  frequency  distribution  of  annual  delay  per  operation  is  computed 
and  listed  by  time  interval.  The  output  formal  is: 

Time  Tni-.rval  Percent  of  Operations  Cumulative  Percent 

0.0  0.2 

) .2  0.4 


1.8  2.0 

2.0  3.0 


99.0  100.0 

Over  100  166 


WE2  = IFF 

WE2  Demand  = 90 % of  WEI  demand 
RU2  = 110%  of  RU 1 
RU3  = 110%  of  RU1 

Annual  Demand  Distritution 


January 

.087 

July 

.081 

February 

.087 

August 

.080 

March 

. 082 

September 

.082 

April 

.081 

October 

.087 

May 

.080 

November 

.088 

June 

.076 

December 

. 089 

Annual  Weather  Distritution 


WEI 

WE2 

WEI 

WE2 

January 

1.00 

0.00 

July 

.98 

.02 

February 

.99 

.01 

August 

.99 

.01 

March 

.98 

.02 

September 

.99 

.01 

April 

.99 

.01 

October 

1.00 

0.00 

May 

.98 

.02 

November 

1.00 

0.00 

June 

.98 

.02 

December 

1.00 

0.00 

Daily  Demand  Distribution 


Monday 

.15 

Friday 

15 

Tuesday  .13 

Saturday  . 

14 

Wednesday  .14 

Sunday 

15 

Thursday  .14 

Hourly  Demand  Distribution 

0-1 

0.59 

6-7  0.32 

12-13 

4.  32 

18-19 

9.80 

1-2 

0.47 

7-8  2.50 

13-14 

5.  18 

19-20 

10.66 

2-3 

0.23 

8-9  8.63 

14-15 

3.77 

20-21 

6.86 

3-4 

0. 17 

9-10  7.13 

15-16 

4.  18 

21-22 

2.91 

4-5 

0.08 

10-11  3.34 

16-17 

7.  84 

22-23 

1.66 

5-6 

0.  12 

11-12  6.01 

17-  18 

12.  21 

23-24 

1.02 

Hourly 

Capacity  Data 

in  weather  Condition 

1 

Runway 

' Runway 

Figure 

Mix 

Hourly 

Percent 

Use 

Geometry 

Number 

Index 

Capacity 

Utilization 

1 

Single  RW 

2-3 

140 

52 

10 

2 

Parallel  RW 

2-4 

140 

72 

30 

3 

Parallel  RW 

2-9 

140 

95 

60 

Hourly  Capacity  Data 

in  weather 

Condition 

2 

Runway 

’ Runway 

Figure 

Mix 

Hourly 

Percent 

Use 

Geometry 

Number 

Index 

Capacity 

Utilization 

2 

Parallel  RW 

2-44 

160 

60 

70 

1 

Single  RW 

2-43 

160 

50 

30 

▼ 


Figure  5-3  shows  the  coding  form  for  this  problem  with  input 
data  filled  in.  From  the  computer  output  shown  in  Figure 
5-4,  the  total  delay  is  found  to  be: 


Annual  Demand 
(Operations) 

300.000 

400.000 


Annual  Delay 
(Hours) 
27,532 

148,000 


The  ecmput'  r run  for  Example  1 is  pon^ain^d  in  Figure  5-5. 
The  total  delay  is  found  to  be: 


Annual  Demand 

Annual  Delay 

(Operations) 

( Hours) 

300,000 

32,764 

400,000 

153,227 

Example  2 

Compute  the  average  delay  per  operation 

for  the  following 

Hourly 

Demand  Distribution 

Hour 

Demand 

Proportion 

0-1 

2 

0.003 

1-2 

1 

0.002 

2-3 

0 

0.000 

3-4 

0 

0.000 

4-5 

0 

0.000 

5-6 

3 

0.005 

6-7 

10 

0.015 

7-8 

30 

0.045 

8-9 

40 

0.061 

9-10 

45 

0.068 

10-11 

40 

0.061 

11-12 

30 

0.045 

12-13 

30 

0.045 

13-14 

25 

0.038 

14-15 

45 

0.068 

15-16 

60 

0.091 

16-17 

65 

0.  099 

17-18 

55 

0.083 

18-19 

45 

0.068 

19-20 

50 

0.076 

20-21 

30 

0.046 

21-22 

30 

0.046 

22-23 

20 

0.030 

23-24 

3 

0.005 

TOTAL 

659 

1.000 

Use  the  single  runway  IFR  data  in  Example  1 for  all  other 
inputs. 

Figure  5-5  shows  the  coding  form  for  this  problem  with  the  input 
data  filled  in.  From  the  computer  output  shown  in  Figure  5-6 
the  average  daily  delay  per  operation  is  7.2  minutes. 
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122,  the  second  number  is  an  integer  0 through  300,  the  third 
number  is  a positive  number  less  than  500,  and  the  fourth 
number  is  between  1 and  100. 

ENTER  THE  FOLLOWING  FOR  EVERY  IFR  PUNWAY  USAGE: 
RUNWAY  USE  EIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX 
INDEX,  HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  THE 
IFR  DAYS  USED 

This  data  request  is  the  IFR  version  of  the  preceeding  data 
request.  The  input  format  is  identical  to  that  for  VFR  runway 
usages.  The  computer  will  go  to  the  next  data  request  when  the 
"percent  of  the  IFR  days  used"  sums  to  100. 

ENTER  THE  FOLLOWING  FOR  EVERY  PVC  RUNWAY  USAGE: 
RUNWAY  USE  DIAGRAM  NUMBER  FROM  FIGURE  2-2,  MIX 
INDEX,  HOURLY  RUNWAY  CAPACITY,  AND  PERCENT  OF  THE 
PVC  DAYS  USED 

This  data  request  is  the  PVC  version  of  the  previous  two  data 
requests.  It  is  necessary  to  enter  data  for  this  data  request 
even  if  PVC  weather  does  not  occur  (e.g. , enter  1 1 1 100). 


6. 4 Output 


Immediately  after  the  PVC  runway  use  configuration  data  is 
entered,  the  On-line  Annual  Delay  Model  will  type  an  input 
summary.  The  input  summary  defines  the  data  used  to  determine 
annual  delay;  this  includes  the  actual  data  if  built-in  data  is 
used  for:  monthly  percent  of  annual  operations  and  monthly 
weather  distribution,  daily  percent  of  the  weekly  operations, 
the  hourly  percent  of  the  daily  operations.  The  input  summary 
does  not  contain  any  error  messages  and  can  serve  as  a 
permanent  record  of  inputs  used  for  the  calculation. 

The  output  of  the  On-line  Annual  Delay  Model  is  typed  after  the 
input  summary.  The  output  includes: 

a.  the  total  annual  runway  delay  (in  hours  and  minutes) 

b.  the  average  runway  delay  per  operation  (in  minutes) 

c.  the  distribution  of  delay  per  operation 

The  distribution  of  delay  per  operation  (item  c.)  has  been  del-  * i 
from  the  On-line  Annual  Delay  Model  to  reduce  output  printing  ' ii>  . 

After  the  output  is  printed,  it  is  possible  to  do  parametric 
variations  on  annual  opeations.  The  teletype  will  print:  do 

YOU  WISH  TO  DETERMINE  ANNUAL  DELAY  FOR  ANOTHER  ANNUAL  DEMAND? 

If  a "y"  response  is  given,  the  terminal  will  make  the  data 
request  ENTER  ANNUAL  DEMAND  and  calculate  annual  delay  assuming 
all  other  inputs  are  identical.  If  any  response  other  than  "y" 
is  given,  the  terminal  will  type  the  following  data  request: 
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DO  YOU  WISH  TO  PERFORM  ANOTHER  CALCULATION? 


A "y"  response  to  this  data  request  will  repeat  the  entire 
series  of  data  requests  for  the  On-line  Annual  Delay  Model. 

Any  other  response  will  automatically  terminate  use  of  the  On- 
line Annual  Delay  Model. 


6 . 5 Optional  uses  of  On-line  Annual  Delay  Model 

The  On-line  Annual  Delay  Model  can  be  used  with  built-in  demand 
distribution  data  to  calculate: 

The  delay  for  an  hour 

The  delay  for  a series  of  hours 

The  delay  for  a day 

The  delay  for  a week 

The  delay  for  a month 

Measures  of  annual  capacity 

The  following  defines  procedures  for  determining  these  outputs: 

a.  Hourly  Delay.  The  hourly  delay  for  a given  demand 
per  hour  can  be  determined  by: 

1)  Entering  annual  operations  equal  to  the  hourly 

demand  x 5840.  (NOTE:  The  On-line  Annual 

Delay  Model  requires  an  annual  demand  equal 
to  5840  times  hourly  demand  and  the  use  of 
hourly  demand  distribution  letter  a in  order 
to  compute  average  delay  per  operation  for 
the  desired  hourly  demand.) 

2)  Entering  a for  the  JANUARY  annual  demand 

distribution  data. 

3)  Entering  100  100  for  IFR  and  PVC  operations  as  a 

percent  of  VFR. 

4)  Entering  a for  the  MONDAY  daily  demand 

distribution  data. 

5)  Entering  a for  the  0-1  hourly  demand  distri- 

bution data. 

6)  Entering  100  for  the  percent  of  VFR  days  used  in 

the  runway  use  configuration  capacity  data. 
Enter  the  appropriate  runway  use  diagram 
number,  mix  index  and  hourly  runway  capacity. 

7)  Entering  the  same  capacity  and  percent  utiliza- 

tion data  for  IFR  and  PVC  conditions  as  was 
used  for  VFR  conditions. 


0 0 n n D I' A 


OTHERS  020  1 

G. 013. 0.040  8 0 0.0  5.03500  3.00.0  0.  100 

TWO  INT  OR  MED  OR  FAR  PARALLEL,  MIXED  ON  #1,  ARR  ON  *2 

■ S..TCH  CAPACITY  PROGRAM,  VERSION  5 
TO  OBTAIN  100  PERCENT  ARR,  AVAILABLE  DEPARTURES  CATACITY  IS  REDUCED  EY  12. 1 

OPERATIONS  PER  HOUR 

***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 68.0  ARRIVAL  = 68.0  DEPARTURE  = 0.0 


OTHERS  020  1 

6.013.0.040  8 0 0.0  5.03500  3.00.0  0.9009 

TWO  INT  OR  MED  OR  FAR  PARALLEL,  MIXED  ON  #1,  ARR  ON  *2 

BATCH  CAPACITY  PROG  RATI,  VERSION  5 

ARRIVALS  1ST  PRIORITY  6 DEPARTURES  2ND  PRIORITY  WITHOUT  REGARD  TO  PERCENTAGE 
ARRIVALS 


***  AIRFIELD  HOURLY  RUNWAY  CAPACITY  *** 


TOTAL  = 80.7  ARRIVAL  = 68.0  DEPARTURE  = 


FIGURE  3-8  (Cont.) 
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3-8  Command  File 


The  On-line  Runway  Capacity  Model  Version  2 is  contained  in  the 
Batch  Capacity  Model  Version  5a • In  order  to  use  the  On-line  Runway 
Capacity  Model,  it  is  necessary  to  construct  a command  file  with 
the  following  features: 

1.  The  line  length  of  the  terminal  must  be  set  at  80  characters. 

2.  Unit  10  must  be  allocated  to  the  terminal. 

3-  Unit  5 is  a temporary  file  with  a second  length  of  80  bytes. 

It  must  start  with  an  end-of-file  record.  This  can  be  done 
through  the  following  FORTRAN  program: 

REWIND  5 
END  FILE  5 
STOP 
END 

The  end-of-file  record  is  used  for  branching  purposes. 

A sample  command  file  is: 

TERMINAL  LINESIZE  (80) 

ALLOC  DA(*)  F(FT  10  FOOl) 

ATTR  DC BA  BLKSIZE  ( 1600)  RECFM(FB)  LRECL( 80) 

ALLOC  DA  (INPUT. DATA)  F(FT05F00l)  NEW  BL  (l600)  USING 

(dcba)  sp(50) 

CALL  EOF 

CALL  'TEST.TSTLIB  (0D0060C)'  capacity  model  is  executed 
FREE  F(FT0500l) 

ALLOC  DA(*)  F(FTOFOOl) 

D INPUT. DATA 
FREE  A(DCBA) 

END 
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AIRCRAFT  K=  53  AND  N=  15  MET  HEAD  ON  AT  T 
INTERSECTION  5 36  6.  NO  ACTION  TAKEN.  TIME=136.73 


This  statement  does  not  necessarily  indicate  an  error  in  the  routing 
data,  but  it  can  be  used  to  find  errors  in  the  routing  data.  For 
example,  if  the  route  for  aircraft  L occupying  link  6 consisted  in 
part  of  links  7 6 5 U,  the  situation  would  exist  where  none  of  the 
aircraft  could  move  because  the  next  link  was  occupied.  None  of 
the  aircraft  could  "switch"  links  because  the  paths  are  not  common. 
The  T intersection  warning  message  can  help  find  this  type  of 
error  in  the  routing  data. 

In  reading  the  input  data,  if  the  model  discovers  that: 

a.  An  incorrect  header  has  been  used;  e.g.,  AL  NAME  instead 
of  AIRLINE  NAMES. 

b.  Too  many  data  cards  have  been  entered  for  a data  type. 

c.  Too  few  data  cards  have  been  entered  for  a data  type. 

d.  A minus  sign  has  not  been  entered  where  required. 

The  model  will  print: 

INPUT  ENTRY  CANNOT  BE  FOUND  IN  BRHE.flD  TABLE 

This  indicates  that  some  data  error  has  been  made  following  the 
last  printed  header  label. 

NOTE:  The  BRHEAD  table  contains  a list  of  all  header  cards. 


4. 5 Examples 

The  examples  for  this  model  are  contained  in  Book  2 of  this 
report. 
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EXAMPLE  OF  A "T"  INTERSECTION 
FIGURE  4-8 
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KIJNID  lb 

tXAMP|_E  1 
ANUUEMAND  1 
300000 

UEMPP0FILE12 

35 

GROUPS  2 

7 12  2 3 

rfKPERCENT  3 

0.0 196 0.0212 0.0 1850. 01 89 0.01810.01770.01830.01ft 10. 01 9 10. 01960. 02050. 0201 
mKNUMtJEH  8 

<*.43004.00004.43004.29004.43004.29004.43004.43004.29004.43004.29004.4300 

bPERCENT  5 

0.15000. 13000. 14000. 14000. 15000. l^OOO. 1500 
0 A YNUW8ER  6 

1111111 

hOUWPCT  11 

O.UOboO. 00500. 00200. 00200. 001 00. 

0.04JO 0.0520 0.0 3800. 0420 0.07800. 
aEAMCT  H 

1 .00000. 99000.98000.99000.98000.98000.98000.99000.99001.00001.00001.0000 

u.O  0.01000.02000.01000.02000.02000.02000.01000.01000.0  0.0  0.0 

QEMANPCT  7 

1.00000. 9000 
WwYUSEPCT  10 
0. 10000.3000 
0.30000.7000 
0.60000.0 
w^YDEMPCT  13 
1.00001.00001.0000 
CAPACITY  9 

52.0  50.0 

72.0  60.0 

95.0  0.0 
MIA  I MDEX  14 

140  160 


140  160 

140  160 


F IG 

fjUMS 

15 

2- 

3 

2-43 

2 

2- 

4 

2-44 

2 

2- 

9 

2-  0 

2 

! AI^?SI  STUDY  CONDITIONS  « 
CCMFUTER  RUN  FOR  EXAMPLE  1 
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mOO.  00300. 02500. 08600. 07100. 03300. 0600 
00. 09800. 10700. 06900. 0290 0.0 1700. 01 00 
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ANNUAL  SUMMARY 


AVERAGE 

delay 

DISTRIBUTION 

(MINUTES) 

PERCENT 

LEAST 

LESS  THAN 

OCCURRENCE 

n.o 

0.2 

9.001 

9.0 

0.? 

0.4 

13.318 

22.3 

0.4 

0.6 

1 1 .583 

33.9 

0.6 

0.6 

7.700 

41.6 

o . 8 

1.0 

4.420 

46.0 

1.0 

1.2 

2.409 

48.4 

1.2 

1 .4 

2.448 

50.9 

1 .4 

1.6 

1.225 

52.1 

1 .6 

1.8 

1.032 

53.1 

1.8 

2.0 

1.371 

54.5 

?.o 

3.0 

5.490 

60. 0 

3.o 

4.0 

9.661 

69.7 

4.0 

5.0 

2.908 

72.6 

5.0 

6.0 

2 . 056 

74,6 

6.0 

7.0 

1.267 

75.9 

7.0 

8.0 

3.034 

76.9 

8.0 

9.0 

2.329 

81.3 

9.0 

10. 0 

0.816 

82. 1 

10. 0 

1 1 .0 

0.683 

82.8 

11.0 

12.0 

1 .682 

84,4 

18.0 

13.0 

1 .003 

85.4 

13.0 

1 4 . 0 

1.535 

87.0 

14.0 

15.0 

1.112 

84. 1 

1S.0 

1 6 . 0 

1.402 

89.5 

16.0 

17.0 

0.520 

90.0 

17.0 

18.0 

1.157 

91.2 

18.0 

19.0 

0.024 

91.2 

19.0 

<20.0 

0.830 

92.0 

20.0 

21.0 

1 . 142 

93.2 

?4 . 0 

25.0 

0.168 

93.3 

25.  n 

26.0 

0.747 

94.1 

?6. 0 

27.0 

0.154 

94.2 

2 7.0 

28.0 

0.169 

94.4 

31.0 

32.0 

0.016 

94.4 

32.0 

33.0 

0.002 

94.4 

34.0 

35.0 

0.005 

94.4 

38.0 

36.0 

0.003 

94.4 

36.0 

37.0 

0.045 

94.5 

38.0 

39.0 

0.003 

94.5 

41.0 

42.0 

0.093 

94.6 

42.0 

83.0 

0.001 

94.6 

4 3.0 

44.0 

0.057 

94.6 

48.0 

*6.0 

0.071 

94,7 

46.0 

47.0 

0.582 

95.3 

4 7.0 

48.0 

0.294 

95.6 

4 4,0 

49.0 

0.252 

95.8 

49.0 

so.o 

0.182 

96.0 

80.0 

51.0 

0.412 

'fc  * 4 

51.0 

52.0 

0.377 

96,8 

52.0 

53.0 

0.574 

97.4 

53.0 

54.0 

0.396 

97.8 

54.0 

55.0 

0.264 

98.0 

58.0 

56.0 

0.405 

98.4 

86.0 

57.0 

0.442 

98.9 

58.0 

59.0 

0 . 446 

99.3 

59.0 

60.0 

0.241 

99.6 

95.0 

96.0 

0.441 

100.0 

MEAN  OF 

AVERAGE  DELAY 

= 6.55 

STANDARD  DEVIATION 

= 8.07 

1821 


ANNUAL  DELAY  = 32764.0 
ANNUAL  DEMAND  = 300000 
AVFPAGE  DELAY  = 6.55 


HOURS 

OPERATIONS 
hINUTFS-aIRCRAE t 


MONTHLY  SUMMARY  of  ANNUAL  DELAY 


TUNTh  ANNUAL  DELAY  HOUR'S 

1 2647.2 

2 5226.0 

3 2265.4 

*+  2362 . 5 

b 2053.1 

6 1816.0 

7 2161.0 

8 2027.8 

9 2461.2 

I 0 284  7.2 

II  3443.7 

12  32<+9.S 


SUMMARY  of  annual  delay  by  day  of  week 


DAY  ANNUAL  DELAY  HOURS 

1 5862.1 

2 2908.5 

3 4050.9 

4 4056.9 

5 5662 • 1 

6 4059.0 

7 5862.1 


SUMMARY  Of-  ANNUAL  DELAY  BY  WEATHFP  CONDITION 


WEATHER  ANNUAL  DELAY  HOURS 

1 32158.9 

2 605.3 


SUMMARY  of  annual  uflay  by  weather  and  rw  conf 


WEATHER  Rw  CONF  ANNUAL  DFLAY  HOURS 

1 1 16659.4 

1 2 10329.7 

1 3 5169.9 

2 1 353.4 

2 2 252.0 

2 3 0.0 


182.1 


« ' JM  I D 16 

t SAMPLE  1 
ATjMDE  '’AND  1 
40000U 

OEMPHOKlLt 12 

15 

OWOUPS  2 

7 1?  2 3 

wkPERCENT  3 

0. 0 1960. 02 180. 0 1850.0 1890.0 1810.01 770. 01830. 01 81 0.0 1910. 01960. 0205n. 0201 

artNUMdEP  4 

4.43004.00004.43004.29004.43004.29004.43004.43004.29004.43004.29004.9300 
OPfcWCtKT  5 

0.15000. 1.10  00. 14000. 14000. 15000. 14000. 1500 

JmYNUMHEP  6 

1 1 1 1 1 1 1 

HJU9PCT  11 

0.0 0600. 00500.0 0200. 00200.00100. 00 lOO. 00 300. 02500. 08600. 07100.033 00* 0600 
0.04 300.06200.03800.04200.07800.12200.09800. 1 0 700 . 0690 0 . 029o 0 . 0 1 70 0 . 0 1 0 0 


wEAPCT  8 

1 .0  000  0.990  00. 
O.0  0.01000. 

uE'-IANPCl  7 

1.00000.9000 
wWYUSE^CT  10 
0.10000.3000 
0.30000. 7000 
0.60000.0 
9.-.YDE"PCr  13 
1.00001. 00001. 
CAPACITY  9 

52.0  50.0 

72.0  60.0 

95.0  0.0 

I X I ' IDE*  14 
140  160 

140  160 

140  160 


03800.04200.07800. 12200.09800. 1 0 700 . 0690 0 . 029o 0 . 0 1 ^0 0 . 0 1 0 0 

98 000. 99000. 98 000. 96000. 98 000. 99000. 99 00  1 . 00001  . 00001. 0000 
02000. 01000. 02000. 02000. 02000. 01000. 01000.0  0.0  O.o 


EIG 

NU^S 

15 
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3 

2-43 
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2- 
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2- 

9 

2-  0 
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* AIRPORT  STUDY  CONDITIONS  * 
» EXAMPLE  1 


ATCrt  annual  delay  mouEl  vepsinn  i,  feu  1977 


AVERAGE:  DElAy  DISTRIBUTION 

(mJNUTES)  PERCENT 

AT  LEAST  less  Than  OCCUPPEnCE 


"1.0 

0.2 

4.207 

4.2 

8.2 

0.4 

7.905 

12.1 

4.4 

0.6 

4.616 

16.7 

0.6 

0.8 

3.090 

20.6 

0.« 

1.0 

2.433 

23.6 

1 .0 

1 .2 

1.902 

25.5 

1.2 

1 .4 

0.932 

26.4 

1 .4 

1 .6 

1.392 

27.9 

1 .A 

1 .8 

1.199 

29.0 

1 .A 

2.0 

0.659 

29.5 

2.0 

3.0 

4.668 

34.2 

i.o 

4.0 

4.184 

38,4 

A.n 

5.0 

2.638 

4 1.0 

S.o 

6.0 

1 . 356 

42.4 

6.0 

7.0 

0.692 

43.  1 

7.0 

6.0 

1 .228 

44 . 3 

u.n 

9.3 

0.671 

45.0 

9.0 

10.0 

2.463 

47.4 

10.0 

11.0 

3.349 

50.9 

11.0 

12.0 

0.547 

51.3 

12.0 

13.0 

0.809 

52.1 

1 1.0 

14.0 

0.280 

52.4 

14.0 

15.0 

2.036 

54.5 

15.0 

16.0 

1 .489 

55.9 

16.0 

17.0 

0.466 

56.4 

11.0 

19.0 

1 . 789 

58.2 

19.0 

20.0 

2.763 

61.0 

Pn.o 

21.0 

1.036 

62.0 

21.0 

22.0 

0.541 

62.5 

22.0 

23.0 

1 .427 

64 . 0 

23.0 

24.0 

1 .435 

65  • 4 

25.0 

26.0 

2.177 

67.6 

26.  0 

27.0 

0.604 

68.2 

27.0 

28.0 

0.033 

68,2 

2 a . 0 

29.0 

3.193 

71.4 

29.  0 

30.0 

0.834 

72.2 

30.0 

31.0 

0.686 

72.9 

31.0 

32.0 

1 .842 

74.9 

32.0 

33.0 

3.25? 

78.0 

37.0 

34.0 

n.567 

78.6 

34.0 

35.0 

1.116 

79.7 

35.0 

36.0 

0.076 

79.8 

76.0 

37.0 

1.745 

81.5 

37.0 

38 . 0 

0.601 

82. 1 

39.0 

40.0 

0.617 

82.7 

40.0 

41.0 

0.78  3 

83.5 

42.0 

4J.0 

0.007 

83.5 

44 . 0 

45.0 

1 .468 

85.0 

49.0 

50.0 

1 .261 

86.3 

60.0 

51.0 

0.036 

86.3 

51.0 

52.0 

1.376 

87.7 

69.0 

53.0 

0.714 

68.4 

57.0 

54.0 

1 . 355 

89.7 

55.0 

56.0 

0.002 

89.7 

66.0 

57.0 

0.  751 

90.5 

67.0 

58.0 

0.005 

90.5 

59.0 

bO.O 

0,054 

90.6 

60.0 

61.0 

0 . 093 

90,6 

61.0 

62.0 

0.070 

90.7 

62.0 

63. 0 

0.059 

90.9 

67.0 

84.0 

0.029 

90.8 

91.0 

92.0 

0.009 

90.6 

93.0 

94.0 

0.61  1 

91.4 

94.0 

95.0 

0.496 

91.9 

95.0 

96.0 

0.109 

92.0 

96.0 

97.0 

0.580 

92.6 

97.0 

98.0 

0.127 

92.  7 

96.0 

99.0 

0.105 

92.9 

MOPE 

than  ioo.o 

7.161 

MEAN  OF  AVE9AGE  DELAY  = 22.98 

STANDARD  DEVIATION  = 14.25 

1821 


annual  delay  = 153227. o hours 
ANNUAL  DEMAND  = 400000  OPERATIONS 

AVERAGE  DELAY  = 22  • 98  v INUTE S- A I RCR AF T 


MONTHLY  summary  of  annjal  delay 


MONTH 

1 

2 

3 

4 

s 

6 

7 

6 

9 

10 


II 


annual  delay  h GUPS 

14086.9 
1966b.  5 

1 0660 . 7 
1 1694,5 

9769.4 
671 3.6 

10196.7 

9679.5 
1 24b  7.3 
14086.9 

16676.8 

16622.9 


5UMMAKY  OF  ANNUAL  DELAY  BY  DAY  OF  WEEK 


DAY 

1 

2 

3 

4 

5 

6 
7 


ANNUAL  UEL A Y HOURS 
26811.1 
13474.4 
197/4.9 
1 9 7 7 • 9 
2681  1 . 1 
19774.9 
2681  1 . 1 


SUMMARY  OF  ANNUAL  DELAY  BY  WEATHER  CONDITION 


WEATHER 

1 

2 


ANNUAL  DELAY  HOURS 
150793.2 
2435.3 


summary  of  annual  delay  by  weather  and  rw  conf 


WEA 1 HER 

1 

1 

1 

2 
2 
2 


R«  CONF 
1 
2 
3 

1 

2 
3 


ANNUAL  DELAY  HOURS 
65702.1 
45432.7 
39662.5 
1286.5 
1148.8 
0.0 


lftan 


